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 The presence and degree of tidal expiratory flow limitation (EFLT) during exercise are 

usually determined from single observations and it is assumed that EFLT is a repeatable 

phenomenon. This study aimed to determine the repeatability of the presence and degree of 

EFLT and breathing patterns during peak exercise in healthy, young, athletic subjects. 

Fifteen subjects (9 males, 6 females; mean age of 23 ± 3 years) completed two maximal 

cardiopulmonary exercise tests (CPET) seven days apart. Coefficient of variation (CoV) 

were calculated for continuous variables and the Cohen’s kappa coefficient was determined 

for the presence of EFLT. There were no significant differences in CPET variables between 

visits. The presence or absence of EFLT agreed in 14 out of 15 subjects (Cohen’s kappa 

coefficient = 0.76, p = 0.007, indicating moderate agreement). The degree of EFLT showed 

high variability (CoV = 32.9%). Variability was low (CoV ranged between 2.8–6.1%) for 

end-inspiratory lung volume, tidal volume (VT), VT relative to forced vital capacity, 

inspiratory capacity, breathing frequency, and for end-expiratory lung volume the CoV = 

10.9%. In conclusion, the presence or absence of EFLT showed good agreement and 

breathing patterns are highly repeatable observations in healthy subjects during peak 

exercise suggesting that reliable inferences can be made from single observations. 
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1. Introduction  

Tidal expiratory flow limitation (EFLT) occurs at a given lung 

volume when maximal flow is achieved and cannot be increased 

irrespective of increased expiratory effort. EFLT is the 

consequence of ventilatory demand (determined by minute 

ventilation and breathing patterns) approaching and/or reaching 

ventilatory capacity (determined by lung volumes and expiratory 

flows) (Molgat-Seon, Dominelli, Peters, Kipp, Welch, Parmar, 

Rabbani, Mann, Grift, Guenette, & Sheel, 2022). During peak 

exercise, EFLT has been linked with increased end-expiratory and 

end-inspiratory lung volumes, shifting the tidal breath towards 

total lung capacity and the steeper portion of the pressure-flow 

curve (Pellegrino, Brusasco, Rodarte, & Babb, 1993), greater 

respiratory muscle work (Dominelli, Render, Molgat‐Seon, Foster, 

Romer, & Sheel, 2015), and exercise-induced arterial hypoxemia 

(Derchak, Stager, Tanner, & Chapman, 2000; Dominelli, Foster, 

Dominelli, Henderson, Koehle, McKenzie, & Sheel, 2013). The 

identification and quantification of EFLT during exercise provides 

valuable information regarding mechanical ventilatory limitation 

during exercise for both clinical and research purposes. The 

presence or absence and degree of EFLT during exercise are 

usually determined from a single observation and assumes that 

EFLT is a repeatable phenomenon (Molgat-Seon et al., 2022). 

The tidal breath overlap method is commonly used to identify 

and quantify EFLT (Johnson, Weisman, Zeballos, & Beck, 1999). 

Briefly, the FVC loop, obtained either pre or at one-minute post 

exercise, is the reference flow-volume loop and is considered to 

represent one’s maximal breathing boundary. During exercise, the 

tidal breaths are recorded, and an inspiratory capacity (IC) 

manoeuvre is performed. The IC manoeuvre is used to position 

the tidal breath within the FVC loop and EFLT is inferred if the 

tidal breath intersects the forced vital capacity (FVC) flow-

volume loop (Johnson et al, 1999). While simple and feasible, the 

primary limitation of this technique is concerned with accurately 

defining the FVC loop boundary, which may be affected by 

exercise-induced bronchoconstriction or bronchodilation, and 

thoracic gas compression (Guenette, Dominelli, Reeve, Durkin, 
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Eves, & Sheel, 2010). Additionally, this method compares 

physiologically different flow-volume loops (i.e., tidal breath and 

FVC), which differ in lung mechanics, the sequential emptying of 

lung regions with different time-constants, and the volume and 

time history of lung parenchyma and airways from the preceding 

breath (Green & Mead, 1974). In recognition of these limitations, 

we developed a modification of the tidal breath overlap method 

using vector-based analysis (VBA), which quantifies the 

conformity of the tidal breath to the FVC loop (Welch, Francis, 

Babbage, Lardenoye, Kolbe, & Ellyett, 2021). We consider EFLT 

as present when the tidal breath tracks parallel and conforms to 

the trajectory of the FVC loop due to the two-independent flow-

volume loops experiencing the same expiratory flow-limiting 

conditions. The VBA method addresses many of the limitations 

of the tidal breath overlap method by relieving the FVC flow-

volume loop of its role in determining the upper boundary for 

expiratory flow and rather uses the FVC flow-volume loop to 

establish a flow limited contour (Welch et al., 2021).  

The test-retest repeatability of a limited number of 

cardiopulmonary exercise test (CPET) variables have been 

assessed in healthy subjects (Bingisser, Kaplan, Scherer, Russi, & 

Bloch, 1997; Covey, Larson, Alex, Wirtz, & Langbein, 1999; 

Decato, Bradley, Wilson, & Hegewald, 2018; Garrard & Emmons, 

1986; Nordrehaug, Danielsen, Stangeland, Rosland, & Vik-Mo, 

1991; Skinner, Wilmore, Jaskolska, Jaskolski, Daw, Rice, 

Gagnon, Wilmore, Rao, & Bouchard 1999). In a cohort of healthy 

subjects Decato et al (2018) reported low co-efficient of variations 

(CoV) at peak exercise for workload (2.7%), exercise duration 

(2.7%), peak oxygen uptake (V̇O2peak) (4.9%), minute 

ventilation (V̇Epeak) (7.4%), heart rate (HR) (1.8%), oxygen 

pulse (4.6%), and systolic (7.2%) and diastolic (10.5%) blood 

pressures (Decato et al, 2018). More recently, in a cohort of 

healthy adults, Dunsford et al (2024) found that the repeatability 

of EFLT at peak exercise when expressed as a binary variable was 

‘minimal’ (Cohen’s kappa coefficient = 0.337) and ‘poor’ when 

expressed as a continuous variable (intraclass correlation 

coefficient = 0.338; Dunsford, Dhaliwal, Grift, Pryce, Dominelli, 

& Molgat‐Seon, 2024). Collectively these studies suggest low 

variability of markers of peak exercise capacity and cardiac 

response; however, the test-retest repeatability of the presence or 

absence of EFLT and breathing patterns is poorly understood 

(Molgat-Seon et al., 2022).  

The primary aim of this study was to determine the 

repeatability of the presence and degree of EFLT during peak 

exercise in healthy, young, athletic subjects. Based on the 

repeatability of other CPET variables, we hypothesized high 

repeatability of the presence or absence of EFLT.  

2. Methods 

2.1. Participants 

Healthy subjects aged 20–30 years who were participating in a 

concurrent study investigating breathing patterns during exercise 

were invited to participate in this test-retest repeatability study. 

Participants were physically fit, healthy, active, non-smokers, non-

e-cigarettes users and participated in at least 4 hours of organised 

physical activity/sport per week. Subjects were required to have a 

body mass index (BMI) < 95th percentile adjusted for age. Subjects 

completed a screening questionnaire and were excluded if they had 

known respiratory, metabolic, cardiovascular, or musculoskeletal 

comorbidities that may limit exercise performance. Individuals 

receiving current inhaled therapy for asthma were excluded; 

however, subjects with a past diagnosis of asthma from a general 

practitioner based on self-reported symptoms were included. 

2.2. Ethics 

Institutional approval from the Auckland District Health Board 

research review committee (A+8144) and ethics approval from 

the Health and Disability Ethics Committees (18/NTB/94) were 

obtained. Subjects provided written informed consent. 

2.3. Protocol  

Subjects attended two study visits, at the same time of the day, 

seven days apart. Before each study visit subjects were asked to 

refrain from performing vigorous activity within two-days and 

avoid heavy meals or caffeine within two-hours prior to testing. On 

each occasion tests were performed in the following order: baseline 

spirometry, a maximal CPET, and spirometry at one-minute post-

exercise. All tests were performed in in the afternoon between 4 and 

7 pm, in an air-conditioned respiratory physiology laboratory 70 m 

above sea level. Ambient conditions were maintained at a 

temperature of 22 ± 1.5 degrees Celsius and 50 ± 10% humidity.  

2.4. Spirometry  

Spirometry was performed using a digital volume transducer 

turbine (Vyaire Medcial, Vyntus CPX system) in the seated 

position via a mouthpiece (SureGard filter, Bird Healthcare) 

whilst wearing a nose peg (Grip Nose Clips, Bird Healthcare) in 

accordance with the American Thoracic Society/European 

Respiratory Society guidelines (Graham, Steenbruggen, Miller, 

Barjaktarevic, Cooper, Hall, Hallstrand, Kaminsky, McCarthy, 

McCormack, Oropez, Rosenfeld, Stanojevic, Swanney, & 

Thompson, 2019). Z-scores were determined by the global lung 

initiative reference equations (Quanjer, Stanojevic, Cole, Baur, 

Hall, Culver, Enright, Hankinson, Ip, Zheng, & Stocks, 2012). 

2.5. Cardiopulmonary exercise test 

Subjects performed a maximal CPET to volitional exhaustion 

using a stepped standardised exponential exercise protocol 

(STEEP) on a cycle ergometer (Ergoline Via Sprint 150p) 

(Northridge et al., 1990). The protocol was identical for each 

study visit and began with a 3-minute baseline period to collect 

resting data (Northridge, Grant, Ford, Christie, McLenachan, 

Connelly, McMurray, Ray, Henderson, & Dargie, 1990). 

Followed by stepped stages, one-minute in duration, initially 

starting at a relatively low workload of two metabolic equivalents 

of task (V̇O2 = 7 mL·min-1·kg-1) and increasing by 15% of the 

previous stage every minute as determined by body weight 

(Northridge et al., 1990). Stepped protocols are recommended 

over ramped protocols when studying EFLT as they allow the 

subject to establish a stable breathing pattern after each increase 

in workload (Johnson et al, 1999). 
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Breath-by-breath data were obtained by a Vyntus CPX 

metabolic cart (Vyaire Medical, SentrySuite software, CareFusion) 

via a facemask held in place by a head strap (Hans Rudolph 7450 

series V2 mask) and averaged over 8 breaths. Cadence was self-

selected however the CPET was stopped if the subject could not 

maintain a cadence of 50 rpm. Peak exercise data were averaged 

over the final 30 seconds of exercise.  

2.6. EFLT analysis 

The FVC flow-volume loop obtained at one-minute post exercise 

was used for the reference loop for EFLT analysis. IC manoeuvres 

were performed to determine the placement of the tidal flow-

volume loop within the reference FVC loop. IC manoeuvres were 

practiced during baseline and were performed each minute after 

80% of target heart rate was achieved: this ensured that EFLT 

analysis could be performed within the last minute of exercise. 

The average of the ten tidal breaths prior to the IC manoeuvre were 

used to digitally construct the reference tidal flow-volume loop. 

EFLT was determined by the vector-based analysis technique 

described by Welch et al (2021). Using bespoke software developed 

in LabView (National Instruments, Austin Texas, USA) the flow 

reserve vector (FRV; measure of how close the tidal breath is to the 

FVC loop) and the tangential angle (quantifies the conformity of 

the tidal breath to the FVC loop) were determined. The VBA 

technique infers the presence of EFLT as a segment of the tidal 

breath that demonstrates the same expiratory flow limiting 

conditions by conforming to the trajectory of the FVC flow-volume 

loop (Welch et al., 2021). The VBA technique defines the presence 

of EFLT as a segment of the tidal breath where FRV is < 0.2 and 

tangential angle is within ± 18 degrees for ≥ 5% of the tidal breath 

(Welch et al., 2021). The degree of EFLT was quantified as the 

percent of the tidal breath fulfilling these criteria. 

2.7. Breathing patterns 

The IC was subtracted from FVC to determine end-expiratory 

lung volume (EELV), and inspiratory reserve volume was 

subtracted from FVC to determine end-inspiratory lung volume 

(EILV). EELV and EILV were presented as a percentage of FVC.  

2.8. Statistics 

Subject demographics and lung function data presented as mean and 

standard deviation. CPET data presented as mean ± SD and range for 

each test. The paired Student’s t-test compared the group means 

between visits. Coefficient of variation was calculated as the within-

subject SD divided by the within-subject mean multiplied by 100: the 

group mean CoV was presented (Keteyian, Brawner, Ehrman, 

Ivanhoe, Boehmer, & Abraham, 2010). The Cohen’s kappa 

coefficient was determined for the presence of EFLT between visits. 

As proposed by McHugh (2012) the strength of the agreement for the 

Cohen’s kappa coefficient were classified as: 0.00–0.20 = none; 

0.21–0.39 = minimal; 0.40–0.59 = weak; 0.60–0.79 = moderate; 

0.80–0.90 = strong; and > 0.91 = almost perfect (Landis & Koch, 

1977; McHugh, 2012). Alpha level was set at 0.050.  

3. Results 

Fifteen subjects (9 males, 6 females; mean age of 23 ± 3 years; BMI 

of 22.9 ± 2.1) completed this study. Subjects exercised for an 

average of 7 (range 4–12) hours per week on 5 (range 2–7) days per 

week. Forced expired volume within one second (FEV1), FVC, and 

FEV1/FVC z-scores were within the normal range for all subjects. 

The mean days between CPETs were 7 ± 1 days. All CPETs 

were deemed maximal as subjects achieved a respiratory 

exchange ratio > 1.1; > 85% maximum predicted HR; and > 85% 

predicted V̇O2peak. All subjects stated leg fatigue as the main 

reason for stopping the CPET. There were no statistically 

significant differences for any CPET variables between CPET1 

and CPET2 (Table 1 and Table 2). The repeatability of markers 

of peak exercise capacity and cardiac response were high, with 

CoV ranging between 1.3–5.3% (Table 1).  

During CPET1, n = 13 subjects demonstrated EFLT and during 

CPET2 n = 12 of these subjects again demonstrated EFLT (Table 

2). One subject was classified as demonstrating EFLT over 32% 

of the tidal breath during CPET1 but did not demonstrate EFLT 

during CPET2, and two subjects did not demonstrate EFLT at 

either visit. The presence or the absence of EFLT agreed in n = 14 

out of 15 subjects with a Cohen’s kappa coefficient of 0.76 

indicating ‘moderate’ agreement (Figure 1). 

 

Table 1: Repeatability of markers of exercise capacity and cardiac response during peak exercise.  

 
CPET 1 

mean ± SD (range) 

CPET 2 

mean ± SD (range) 
CoV% p 

V̇O2peak (mL∙min-1∙kg-1) 44 ± 9 (29–56) 45 ± 9 (29–56) 2.5 0.625 

Workload (Watts) 282 ± 82 (181–460) 284 ± 88 (169–460) 3.2 0.768 

HR (bpm) 182 ± 10 (166–196) 181 ± 12 (160–200) 1.7 0.339 

RER 1.27 ± 0.07 (1.16–1.44) 1.30 ± 0.08 (1.22–1.52) 2.7 0.064 

V̇Epeak (L∙min-1) 136 ± 36 (85–194) 134 ± 39 (77–206) 5.3 0.907 

V̇E/VCO2 32 ± 4 (25–38) 31 ± 4 (24–37) 4.7 0.087 

V̇E/VO2 41 ± 5 (30–50) 40 ± 6 (32–50) 4.5 0.511 

PetCO2 (kPa) 4.7 ± 0.6 (3.8–5.9) 4.8 ± 0.7 (4.0–5.9) 3.6 0.078 

PetO2 (kPa) 15.9 ± 0.6 (14.8–16.9) 15.9 ± 0.7 (14.9–17.0) 1.3 0.793 

O2 pulse (mL∙beat) 17 ± 5 (12–27) 18 ± 5 (12–28) 2.2 0.190 

Note: V̇O2peak, peak oxygen uptake; HR, heart rate; RER, respiratory exchange ratio; V̇Epeak, minute ventilation; V̇E/VCO2, 

ventilatory equivalent for CO2; V̇E/VO2, ventilatory equivalent for O2; PetCO2, end tidal partial pressure of carbon dioxide; PetO2, end 

tidal partial pressure of oxygen. 
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Table 2: Repeatability of ventilatory response during peak exercise. 

 
CPET 1 

mean ± SD (range) 

CPET 2 

mean ± SD (range) 
CoV% p 

EFLT (%VT) 31 ± 23 (0–69) 35 ± 28 (0–72) 32.9 0.464 

EELV (% FVC) 26 ± 6 (18–38) 27 ± 6 (16–37) 10.9 0.407 

EILV (% FVC) 83 ± 6 (71–95) 84 ± 6 (72–92) 2.8 0.161 

VT/FVC (%) 57 ± 6 (46–68) 58 ± 9 (45–73) 5.5 0.572 

IC (L) 3.6 ± 0.6 (2.8–4.4) 3.5 ± 0.6 (2.7–4.2) 3.7 0.108 

VT (L) 2.8 ± 0.7 (1.7–4.1) 2.7 ± 0.6 (1.6–3.6) 4.5 0.228 

RR (1∙min-1) 48 ± 10 (27–67) 48 ± 10 (28–64) 6.1 0.608 

Note: EFLT (%VT), degree of tidal expiratory flow limitation as a percent of tidal volume; EELV (%FVC), end expiratory lung volume 

as a percent of forced vital capacity; EILV (%FVC), end inspiratory lung volume as a percent of forced vital capacity; VT/FVC, tidal 

volume as a percent of forced vital capacity; IC, inspiratory capacity; VT, tidal volume; RR, respiratory rate. 

 

Figure 1: Expiratory flow limited segment. The figures plot the group average FVC loop (solid black line) and peak exercise tidal breath 

(black dotted line) for visit 1 (left column) and visit 2 (right column). The thick red in each figure indicates the proportion of the tidal 

breath that is classified as demonstrating EFLT using our vector-based analysis technique (i.e., FRV < 0.2 and tangential angle within ± 

18°).   
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On average, there was no difference in the degree of EFLT 

between CPET1 and CPET 2 (33 ± 23 vs 35 ± 28 % of VT, p = 

0.572) (Table 2 and Figure 2). The CoV for the degree of EFLT 

was 32.9%. The CoV were low and ranged between (2.8–6.1%) 

for EILV, IC, VT, VT/FVC and respiratory rate, and the CoV was 

higher for EELV (10.9%) (Table 2). 

 

 

 

Figure 2: Degree of EFLT. Note: This figure illustrates the high 

within subject variability of the degree of EFLT between CPET 1 

and CPET 2. The grey dashed lines represent individual subjects, 

and the thick red line is the group mean. 

 

4. Discussion 

This study describes the test-retest repeatability of the presence 

and degree of EFLT and breathing patterns during peak exercise 

in healthy, athletic subjects exercising on a cycle ergometer. 

There were no significant differences in CPET variables between 

study visits which suggests that no learning or training effect 

occurred between visits. The main finding was that the agreement 

of the presence (or absence) of EFLT during peak exercise was 

‘moderate’ when treated as a binary variable but when treated as 

a continuous variable (i.e., the degree of EFLT) the variability was 

high. Furthermore, we generally found low between visit 

variability for markers of breathing patterns during peak exercise. 

Establishing the repeatability of CPET variables is important 

when comparing measures at different times; for monitoring 

disease progression or determining the response to treatment or an 

exercise training program. Additionally, establishing the test-

retest repeatability of the presence (or absence) of EFLT during 

exercise provides confidence of its presence when observed in a 

single diagnostic test. Like DeCato et al. (2018) we found higher 

repeatability than previously reported for markers of exercise 

capacity and cardiac response (Decato et al, 2018). In contrast to 

Dunsford et al. (2024) our study found that the presence of EFLT, 

when expressed as a binary variable, is a highly repeatable 

phenomenon in healthy subjects during peak exercise (Dunsford 

et al., 2024). In keeping with Dunsford et al. (2024), when 

expressing EFLT as a continuous variable to assess the degree of 

EFLT, high variability was observed (CoV = 32.9%) which 

contrasts with other CPET parameters and routine respiratory 

measures such as FVC, FEV1, and diffusion capacity of the lungs 

for carbon monoxide which have reported CoV < 4% in healthy 

subjects (Becker, Blonshine, Bialek, Moran, & Blonshine, 2022; 

Punjabi, Shade, Patel, & Wise, 2003). The difference in findings 

of the presence (or absence) of EFLT at peak exercise between our 

study and Dunsford et al. (2024) likely reflects the smaller sample 

size of our cohort and the method used to determine EFLT. Our 

sample size was relatively small, and most subjects demonstrated 

EFLT which by chance may have reduced the variability in our 

cohort and partly explain the higher Cohen’s kappa coefficient 

found in our study. We determined the degree of EFLT using a 

vector-based analysis technique which quantifies the conformity 

of the tidal breath to the FVC loop whereas Dunsford et al. (2024) 

used the tidal breath overlap method (Welch et al., 2021). As 

summarised by Haverkamp et al. (2025) in a recent review, the 

tidal breath overlap method has many limitations which may over- 

or under- estimate the presence and degree of EFLT (Haverkamp, 

Petrics, & Molgat-Seon, 2025). The VBA technique used in our 

study assumes that when the tidal breath tracks parallel to the FVC 

loop that both these independent flow-volume loops are 

demonstrating the same flow-limiting conditions which addresses 

many of the limitations of the tidal breath overlap method (Welch 

et al., 2021). Due to the limitations of quantifying the degree of 

EFLT (Johnson et al, 1999), many authors opt to report EFLT as a 

binary and not a continuous variable (Molgat-Seon et al., 2022).  

The repeatability of the breathing patterns during peak 

exercise in healthy subjects has received little attention. V̇Epeak 

is the most reported ventilatory variable with CoV ranging 

between 7–28% (Bingisser et al, 1997; Decato et al, 2018; Garrard 

& Emmons, 1986; Nordrehaug et al, 1991; Skinner et al., 1999). 

Our study found a lower than previously reported CoV for 

V̇Epeak (5.3%). Furthermore, we reported low CoV (< 7%) for 

respiratory rate, VT, EILV, IC and VT/FVC, and a slightly higher 

CoV of 10.9% for EELV. These data suggest low variability of 

breathing patterns in healthy subjects during peak exercise on a 

cycle ergometer, which is in keeping with the findings of 

Dunsford et al. (2024). Furthermore, our results support the 

findings of Hedge et al. (2022) who used respiratory inductance 

plethysmography and showed that the thoracic-abdominal 

compartmental contributions to VT are repeatable during heavy 

exercise on a cycle ergometer (Hedge, Hughson, & Dominelli, 

2022).  

There are several limitations of our study that should be 

acknowledged. Although consistent with other studies assessing 

the repeatability of CPET parameters in healthy subjects 

(Bingisser et al, 1997; Covey et al, 1999; Garrard & Emmons, 

1986; Nordrehaug et al, 1991) our study had a low sample size. 

The low number of female participants meant that we could not 

assess sex-based differences, however there is no indication in the 

literature or from a physiological basis that sex would be a 

cofounding factor in the repeatability of ventilatory response 

during exercise. Self-selection bias may have occurred as our 

inclusion criteria likely attracted highly motivated and physically 

fit subjects more likely to give maximal effort during each CPET. 

Our study used the cycle ergometer; it is unknown if exercise 

modality influences the repeatability of the ventilatory response 

at peak exercise. The repeatability of ventilatory patterns and 

constraints at peak exercise should also be established for the 

treadmill: the treadmill and cycle ergometer are commonly used 

exercise modalities both clinically and for research. The STEEP 

protocol was used for this study; it is possible that the exercise 
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protocol may have influenced the presence and degree of EFLT. 

However, given our study analysed the presence and degree of 

EFLT at peak exercise, assuming different exercise protocols 

result in a maximal test, it is unlikely that the exercise profile 

leading to the achievement of peak exercise influenced our 

findings.  

Due to these points, our findings are representative of a young, 

athletic population and may not be generalizable to non-athletic, 

older, or chronically ill subjects, or different exercise modalities. 

Future studies should focus on clinical populations, children, 

older adults and use other CPET protocol such as a standardised 

ramp test.  

In conclusion, in healthy subjects exercising on a cycle 

ergometer this study showed that the presence of EFLT and 

breathing patterns are repeatable during peak exercise however 

the degree of EFLT is variable. This study suggests that in young 

healthy subjects exercising on a cycle ergometer, reliable 

inferences regarding the presence of EFLT and breathing patterns 

can be made from single observations.   
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 This paper addresses the question: Were the observed coaching styles of community cricket 

coaches in alignment with their self-reported use of coaching styles of the Game Sense 

approach (GSA)? Coaches practice was observed and analysed using the Spectrum of 

Coaching Styles (Pill et al., 2022). Five styles were observed: Coaching by Task – Style B, 

Individual Programming – Style D, Guided Discovery – Style F, Problem Solving – Style G 

and Creativity – Style H. In the Spectrum of Coaching Styles, Style B and D are regarded 

as coaching for reproduction of the knowledge, skills and understanding described and 

prescribed by the coach, whilst Style F, G and H necessitate participants to solve problems 

created by the coach and they are the styles most often associated with a GSA. The coaches 

self-identified coaching practice as a GSA did not align with the observed coaching styles 

during this study. Contextual to this study, Cricket Australia’s (CA) principles of coaching 

espouse principles associated with a game-based approach such as the GSA. The ideas 

coaches espoused regarding their coaching and their observed coaching suggests improved 

pedagogical knowledge is required.  
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1. Introduction  

This project investigated junior community cricket coaches 

coaching styles. In this paper, coaching styles is synonymous with 

pedagogies which some may also call instructional strategies 

(Hewitt et al. 2016). Community cricket coaches are usually (if 

not always) volunteers who receive no renumeration for their time 

and effort and voluntarily participate in introductory and more 

advanced coaching accreditation courses (Pill et al., 2022). As the 

governing body of cricket in Australia, Cricket Australia (CA) 

provides free online courses for coaches (Cricket Australia, 

2022a). CA’s principles of coaching espouses a pedagogical 

expression recognisable as a game-based approach (GBA) 

(Cricket Australia, 2022b); however, unlike some other sports 

(like Australian football/AFL) there is no requirement for 

community coaches to have completed coaching accreditation to 

coach junior cricket at community clubs. 

CA’s junior coaching framework emphasises player problem 

solving and playing games (Cricket Australia, 2022b). Since 1996, 

the Game Sense approach (GSA) has been promoted by the 

Australian Sport Commission (ASC) as the GBA to coaching 

junior sport (Australian Sport Commission, 1996; 2023). In 

contrast to directive instruction for specific reproduction of coach 

prescribed movement explanations and demonstrations, a GSA 

requires a coach to use questioning strategies in preference to 

direct instruction (Australian Sport Commission, 1996) to 

position the player as an active constructor of their understanding 

(i.e., the coach developing thinking players; den Duyn, 1997). 

Aligned with the key precepts of a GSA as a GBA emphasising 

coach use of questions to engage players cognitive construction 

of understanding, CA suggests the use of a coaching approach that 

fosters player problem solving and game form practice, and 

suggests this approach is motivational to young players continued 

participation (Cricket Australia, 2022b).  

Some have suggested that a GSA is frequently misunderstood 

by coaches or remains an innovation to most (Pill, 2021). Coaches 

observed coaching styles during practice sessions have been 

found in some sports to not match their intention to be game-based 

coaches (Hewitt et al., 2016). Coaches may attempt to create 

game-like practice scenarios but have been found to fail to 
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position the player as actively thinking about the game as the 

coach is using directive pedagogy (Light, 2012) whereby the 

coach tells the player ‘what’ to do, ‘how’ to do it’ and ‘when’ to 

do it, which may be called Coaching by Task or practice style 

pedagogy (Pill et al., 2022). In this study, we refer to a coaching 

style as those identified in The Spectrum of Coaching Styles 

section that follows. Research with junior cricket coaches found 

another GBA, Teaching Games for Understanding (Bunker & 

Thorpe, 1982), challenging, particularly the use of questioning 

strategies. The research reasoned that this may be a consequence 

of insufficient pedagogical content knowledge and the inability to 

access appropriate support material (Roberts, 2011). Impacting 

coaches understanding of a GBA, Culver et al. (2019) research on 

coach education found coach educators design courses 

emphasising learner centred approaches to be used to coach 

participants but lack the knowledge to design for learner-centred 

approaches themselves. Furthermore, both coach developers and 

coaches found a constructivist approach to learning too different 

to the traditional lecture format of learning. 

1.1. Game Based Coaching 

Cricket coaches may struggle with the identification and 

implementation of coaching styles that reflect CA’s goals of 

practice as problem solving in game-like practice. Australian 

community cricket training has recently been reported as 

consisting of training practices that are ‘outdated, restrictive and 

monotonous’ (Lascu et al., 2021, p. 1), and that attempts to use 

GBAs so practice can more closely resemble the requirements of 

the game of cricket have proven difficult for cricket coaches 

(Lascu at al., 2020b). This suggests little has changed since Low 

et al. (2013) found players spending most of their time in training 

form or drill like activities typical of common ‘net’ practice 

sessions, rather than in playing form or game-like activities. Low 

and colleagues suggested that players participating in drill like 

activities typical of common ‘net’ practice sessions were therefore 

being perceptually, cognitively and motor skill underdeveloped 

due to the lack of representativeness of practice to the game. 

Exemplifying this idea about net sessions, Lascu et al. (2020a) 

showed that in net sessions, batters had little opportunity to view 

consequences of bat-ball contact or shot selection as would occur 

in a game, and bowlers frequently did not get the opportunity to 

bowl 6 balls in a row or practice manipulating the batter as would 

happen in a game. Lascu et al. (2021) suggested the need for coach 

development focused practice that represented to players the 

demands of the game (i.e., representative learning). To date, little 

research has examined the impact of game-like or representative 

designs of cricket training environments.  

Representative learning requires practice based on realistic 

learning contexts that simulate the demands of the performance 

environment (O’Connor et al., 2020; Hodges & Lohse, 2022), or in 

other words, provide representation of the action logic (Gréhaigne, 

Godbout, & Bouthier, 1999) of the play. In the context of cricket, a 

representation of the action logic would require the same 

movements (i.e., shot play) and decision-making processes (i.e., 

hitting away from the fielders, deciding when to run) that would 

occur during match play, and achieved by simulating the key 

sources of information available to the players (i.e., where the ball 

is bowled, where fielders are standing). To this end, Vickery et al. 

(2013) trialled a small-sided game format called ‘Battlezone’ 

concluding that it provided suitable training replication of the 

physiological, physical and technical demands of one-day cricket. 

Connor et al. (2016) and Connor et al. (2018) used representative 

training scenarios with professional, amateur and junior level 

cricketeers to assess the emergence of skilled batting over a 12-

week period. Batters were given a scenario (e.g., score as many runs 

as possible without being dismissed) and mannequins were placed 

on the field to create an environment requiring players to hit to 

places where fielders are not. This external outcome focus of 

players resulted in improved run scoring ability, bat-ball contact, 

and technical efficiency (Connor et al., 2018).  

1.2. Player retention 

A premise of this research is that ‘good coaching’ is imperative to 

player learning and retention (Agnew & Pill, 2023). It is argued 

good coaching entails creating practice tasks which are congruent 

with the needs of the player as a learner (Pill et al., 2021) to 

‘connect learners in consequential goal-orientated activities with 

the aim of achieving instructional outcomes specific to an 

individual lesson or group of lessons’ (Hewitt et al. 2017, p. 1). 

Further to this, we suggest good cricket coaching would align with 

CA’s goals of creating environments which foster problem 

solving in game like environments or game forms. 

1.3. The Spectrum of Coaching Styles 

This study used The Spectrum of Coaching Styles (The Spectrum: 

Table 1) to assess coaches observed coaching behaviour. The 

Spectrum is an adaptation of The Spectrum of Teaching Styles to 

sport coaching (Pill et al., 2022). Here, coaching styles is 

synonymous with teaching styles in the belief that the sport coach 

is an educator (Jones, 2006). The Spectrum contains two clusters 

of coaching styles, the Reproduction cluster where the coaching 

style requires the player/s to reproduce requirements prescribed 

by the coach, and the Production cluster where players have 

greater ownership for thinking and enacting practice as 

independent or self -regulated learners. The Spectrum has been 

used in Australian sport coaching research by others to observe 

coaches and their coaching styles used during practice sessions 

with players (e.g., Hewitt et al., 2016; Pill et al., 2016) and with 

physical education teachers (Cothran et al., 2005; SueSee et al., 

2018; SueSee & Barker, 2019) recording self-reported teaching 

styles. The studies of The Spectrum with sport coaches report that 

coaches predominantly use Coaching by Task – Practice Style B 

from The Spectrum, despite coaches self-reporting that they use a 

range of styles congruent with the ASC advice to be game-based 

in their coaching. Reasons given for the lack of congruence were 

coaches lack of understanding of GBA teaching/coaching styles, 

lack of coach development support in GBA’s and the influence of 

previous experiences. Researchers (Hewitt, 2015; Pill et al., 2022) 

suggested that The Spectrum could assist improving alignment 

between the coaching styles used by coaches and with that desired 

by relevant bodies for junior coaching to be game-based by 

identifying ‘how and what learning the coach pedagogy facilitates 

during practice sessions and enable dialogue with coaches about 

the application of teaching styles during practice sessions for 

purposeful outcomes’ (Pill et al., 2022, p. 143).   
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Table 1: Spectrum of Coaching Styles (Pill et al., 2022). 

Coaching Style Description 

Coaching by Command: Style A The coach selects the task that the player/s perform in a unison, choreographed or precision performance 

image following the exact pacing and rhythm (cues) set by the coach. 

Coaching by Task (Practice) 

Style B 
The coach selects the subject matter tasks, the quantity, and the time limits so that player/s can practice 

individually and privately. The coach circulates among all player/s and offers private feedback. The 

player/s learn to set a pace to practice tasks within an allocated time frame. 

Reciprocal Coaching (Peer 

Coaching): Style C 
The coach selects the subject matter tasks and presents the expectations for player/s to work with a 

partner. One player (the doer) practices the task, while the other player (the observer) uses coach 

prepared criteria (checklist) to offer immediate feedback about the performance to the doer. When 

the first set of tasks are finished, the players switch roles and continue to the second set of tasks. The 

coach interacts with the observer to affirm the use of the criteria and the accuracy of the feedback 

comments and/or to redirects the observer’s focus to specific performance details on the criteria. 
Coaching by Individual 

Programming (Self-Check): 

Style D 

The coach selects the subject matter tasks and designs the criteria (performance checklist) for player/s. 

Player/s individually practice the tasks and check their own performance using the checklist. The 

coach privately communicates with player/s to listen to their self-assessment comments and either 

reinforces the player’s use of the criteria or redirects the player’s focus to specific performance details 

on the criteria. 
Small Group Coaching 

(Inclusion): Style E 
The coach selects the subject matter tasks and designs multiple levels of difficulty for each task. Player/s 

select the level of difficulty that is appropriate to their performance. If inappropriate level decisions 

are made, the player may change the level choice. Players check their performance using the coach 

prepared performance checklist (criteria sheet). The coach circulates to acknowledge the choices the 

players have made and to ask questions for clarification to affirm the accuracy of the player’s 

assessment process and/or to redirect the learner’s focus to specific performance details on the 

criteria. 
Coaching by Guided Discovery: 

Style F 

The coach asks one player a series of specific questions; each question has only one correct answer. The 

questions are sequenced in a logical pattern so that each answer leads the player step by step to 

discover the anticipated concept, principle, relationship or solution. 

Coaching by Problem Solving 

(Convergent Discovery): 

Style G 

The coach designs a situation or one question that has only one specific correct response—the situation 

or question is new, and the response is not previously known to the player/s. The players are given 

individual and private time to use their thinking and questioning skills to sequentially and logically 

discover the anticipated answer. 

Coaching for Creativity 

(Divergent Discovery): Style 

H 

The coach designs a single or series of problems, situations or questions that seek multiple solutions to 

the same problem. The task is new to the player/s; therefore, each player is invited to discover new 

possibilities, as they produce multiple responses to the specific problem. The coach acknowledges 

the production of multiple ideas, rather than any singular idea. 

Player Designed—Coach 

Supported: Style I 

The coach designates a broad subject matter/topic. Within that topic each player is responsible for 

producing an individual learning program that includes setting goals and the process for 

accomplishing the goals. The player/s design, implement, refine the program, and create 

performance criteria for their individual learning programs. The coach acknowledges the production 

of ideas and asks questions for information or clarification about the learning program. 

Player Initiated—Coach 

Supported: Style J 

A player initiates a request to the coach to plan his/her own learning experience. In this experience the 

player makes all the decisions: selects the subject matter intent, designs, executes, and identifies the 

assessment criteria for the learning experience. The coach participates when and how the player 

requests. The coach acknowledges the learner’s successful implementation of the plans and initiates 

questions where discrepancies emerge between the learner’s intent and actions. It is not the coach’s 

job to evaluate, rather to act as a reference source between the indicated intent and action when asked 

by the player. 

Player Self-Coaching: Style K The learner takes the role of both student and coach setting all learning objectives. The learner makes 

decisions about subject matter intent, design, execution, and assessment of the learning experiences. 

This style is independent of a coach and not initiated by a coach. Feedback from others occurs only 

IF the learner seeks it. 
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In our study, The Spectrum was used to view the coaching 

practices as it provided a common pedagogical language for 

coaching styles and helped give the behaviours and deliberate 

decisions of the coach and players clarity (Pill et al., 2022). It did 

this by describing ‘who is doing what’ and what the cognitive 

intentions or behaviours are of both the players and coach during 

the observed practice session. 

 This paper makes a distinctive contribution to the literature 

by developing understanding of the congruence between the 

everyday pedagogical endeavour (Jones, 2007) of the community 

sport coach and this alignment with advocacy of a GBA by the 

national body of the sport. It also highlights the need to question 

the likelihood of coaches using GBA’s if the content of coaching 

courses does not reflect these coaching styles and on-going coach 

development in a GBA is not available to the coaches. 

2. Methods 

The paper aimed to address the research question - Were the 

observed coaching styles of community cricket coaches in 

alignment with the coaches self-reported belief about their use of 

coaching styles? This investigation used a mixed methods 

approach to collect data. Three 1-hour interviews were used to 

generate data about how often a sample of community cricket 

coaches reported using coaching styles to coach their participants. 

Coding of three 1-hour coaching sessions (three coaches times 

three 1-hour sessions n = 9 sessions) was used for the second part 

of the investigation. The value of observational research of 

coaches practice sessions to enrich our understanding of the 

coaching process and to identify the teaching styles of coaches 

within practice environments have been demonstrated by others 

(Potrac et al., 2000; Hewitt et al., 2016). The use of observation 

has been acknowledged as a valuable tool for delivering 

quantitative descriptions of coaching behaviour (Darst et al., 1989; 

DeMarco et al., 1996) as observation can provide data of 

demonstrated coaching styles in the authentic or ‘natural’ 

coaching environment. 

2.1. Participants and setting 

2.1.1. Ethics 

The research project followed the ethical guidelines outlined by 

the University of Southern Queensland and ethics approval code 

H21REA162. Consent for the research was obtained from the 

participants. Any player who did not wish to be filmed was not 

filmed. Confidentiality was assured to all participants with 

anonymity guaranteed. All videos are stored on a password-

protected computer and deleted after the coding were completed 

for the second time. 

Coaches from a community cricket club in a large Australian 

city were sent an email from the club president asking if any were 

interested in being participants in a study titled ‘Making Net 

Sessions more game-like’. Convenience sampling was used, and 

numerous coaches (n = 9) expressed interest, and three coaches 

were purposively selected from the initial group to represent a 

range of variables including age of participants being coached, 

years coaching and ability level, and the time available for the 

study. The three coaches chosen represented novice, intermediate 

and experienced and the age groups coached included u/12 club 

team, u/16 representative team and u/17 club team. This sample 

represented a range of player abilities, range of reasons for 

coaching (competitive, representative and social) and a range of 

experience (in terms of years and qualifications) with coaching. 

Participant 1 was a Level 1 coach, Participant 2, a Level 2 Coach 

and Participant 3 a Level 3 coach. A Level 1 qualification (or 

Junior Cricket Course) prepares the coach for junior coaching at 

a community or club level, whilst a Level 2 course is 

Representative Coaching for representative teams (such as state 

team). The Level 3 course, or High-Performance Coach is an 

invitation only course for aspiring high-performance coaches. The 

participants self-identified as interested and were ‘biased’ towards 

making net sessions more game-like and working to improve their 

coaching.  

2.2. Data collection 

The mixed methods approach used interviews to establish the self-

reported styles of the coach and observations being analysed to 

determine congruence of the self-reported coaching styles and the 

coach's observed coaching styles. All interviews and coaching 

sessions were video recorded with a GoPro digital video camera. 

For the interviews the camera was placed on a surface and the 

conversation was recorded along with the dictation function on 

the researcher’s computer. For the three 1-hour coaching sessions 

a chest strap was attached to the GoPro and the participants wore 

the camera. This method of recording proved sufficient for the 

coding process. The GoPro worn by the coach showed the coach’s 

view of the coaching sessions. The researcher was positioned 

approximately five metres from the coach during most of the 

session. All video recording began with the first instruction by the 

coach about the session activities and purpose. These procedures 

have been used by others (SueSee & Barker, 2019; Hewitt et al., 

2016) to observe teaching styles in physical education and 

coaching. 

2.3. Procedure 

Interview: The 1-hour interviews recorded the three coach’s 

beliefs about their coaching styles and were done after three 1- 

hour coaching sessions (9 sessions in total) were completed and 

recorded. Firstly, participants were asked questions to confirm 

their coaching experience, qualifications, age group and level or 

grade. The participants were asked to describe their coaching 

philosophy in terms of what they were trying to achieve, how they 

would achieve these goals and to describe examples of what a 

session looks like, and what are the players doing? The three 1-

hour coaching sessions that were completed before the interviews 

were used as scenarios to ask the participants what they were 

doing in specific situations and to confirm if these were ‘usual’ 

coaching sessions for them. In comparison to others (Hewitt et al., 

2016; SueSee & Barker, 2019) who have used a specific Spectrum 

questionnaire, the researchers decided not to use The Spectrum 

specific coaching styles definitions during the interviews for two 

reasons. Firstly, the researchers did not wish to influence the 

participants answers in any way by suggesting specific styles. The 

second reason was the researchers did not wish to create confusion 

as the participants potentially did not know specific coaching 
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styles. The participants did know that the title of the research 

project was ‘Making Net Sessions more game-like’ and that the 

purpose of this pilot was to establish a baseline of their coaching 

styles. Interviews were chosen as a method of data collection 

based on the research question and as the researchers was 

attempting to establish the coaching styles community cricket 

coaches identified using and the coaching styles they were 

observed using. Therefore, the interviews were not analysed, or 

themes identified. The responses to what the coaches said were 

recorded and accepted. If the researchers were unsure of answers 

or required more information for clarification, they would ask the 

participants to elaborate or explain in more detail.  

Observation: Observations of a coach’s practice session can 

be a means through which to understand a coach’s coaching 

process and to identify the coaching style of the coach (Hewitt et 

al., 2016; Potrac et al., 2000). Observation assessment is 

acknowledged as a method providing quantitative descriptions of 

coaching behaviour (Hewitt et al., 2016). Observation provides 

baseline data of actual (demonstrated in the coaching environment) 

instructional strategies used by the coach, which provides insights 

into their coaching style. We acknowledge that observational 

tools can only measure what the tool is designed to ‘see’ (Hewitt 

et al., 2016). Observational research was used to collect the data 

to establish the coaching styles used by the coaches.  

2.4. Data analysis 

Nine coaching sessions (three sessions per participant) were video 

recorded with the coaches wearing a GoPro so that instructions 

and images were collected. Two coders were used. Both coders 

had extensive knowledge of The Spectrum with regards to The 

Spectrum styles and both have extensive experience coding 

Physical Education Teachers.  The researchers used The Spectrum 

styles to define 11 coaching styles (Table 1).  

2.5. Coding instruments and procedures 

Previous studies (Cothran et. al., 2005; Hewitt & Edwards, 2015; 

Hewitt et al., 2016; SueSee et al., 2019; SueSee & Barker, 2019) 

recorded teacher self-reported teaching (physical education) 

styles, sport coaching styles and the observed teaching (physical 

education) and coaching (sport) styles used. In this case the 

researchers were attempting to observe the coaching behaviour of 

community cricket coaches and record if this aligned to their self-

reported beliefs regarding their coaching styles. The video 

recordings of sessions were reviewed and coded using four tools: 

(1) Ashworth’s (2002) Identification of Classroom Teaching 

Learning Styles (see also Hewitt & Edwards, 2011; SueSee, 2012); 

(2) the Identification of Classroom Teaching Learning Style (Byra 

et al., 2014; Hewitt et al., 2016; SueSee & Edwards, 2011); (3) 

Sherman’s (1982) Style analysis checklist for Mosston and 

Ashworth’s spectrum of teaching styles (Byra et al., 2014); and 

(4) the Style analysis checklists for Mosston’s spectrum of 

teaching styles (Sherman, 1982).  

Two coders used terminology from The Spectrum of Coaching 

Styles (Pill et al., 2022) as a basis to identify the observed styles 

being used by the coaches. Coding involved using the Instrument 

for Identifying Coding Sheet (IFITS), which involved a ten 

second observation followed by a ten second recording of this 

observation (i.e., a decision every 20 seconds). The decisions the 

coders were making involved determining which coaching style 

was being used in the previous ten second period. This process 

has successfully been used by others using The Spectrum to code 

coaching behaviour and teaching behaviour (SueSee et al., 2019; 

SueSee & Barker, 2019; Hewitt et al., 2016) and the use of a 

similar protocol allows comparison between research with similar 

methods. The coders used the four tools to make the decision 

(based on the coaches’ and students’ behaviour) about which 

coaching style was being used. Where two or more coaching 

styles were employed in a period of observation, the style would 

be coded as the style closest to the production end of the Spectrum. 

Research by others (SueSee & Barker, 2019; Hewitt et al., 2016) 

have coded in the same manner when observing physical 

education teachers and tennis coaches. The application of this 

procedure allows comparison between this research and others.  

Reliability of coding is important when decisions are being made 

based on observations. Inter-observer reliability was calculated 

using the formula: 

Inter-observer agreement 

=
Agreements 

(Agreements +  Disagreements)
× 100 

By using this formula, inter-observer agreement was 

calculated across the six observed sessions using the three tools 

and coding sheet. 100% agreement was the highest agreement 

recorded; the lowest was 94.8%. Researchers have suggested that 

85% or higher needs to be achieved to be considered an 

appropriate level of reliability (Rushall, 1977; van der Mars, 

1989). 

3. Results 

Participant One’s coaching philosophy indicated a desire to 

improve both physical and social skills: 

I suppose my coaching philosophy is around fun and 

getting them engaged with the game so they come back 

again next year… yeah making them that little bit better 

than the year before and making them better human beings 

than teammates. 

He suggested he achieved that through:  

…a lot of game play around where we discuss the 

scenarios if we set a challenge of a certain amount of runs 

to score or do we take the run or where do we throw the 

ball shouldn't we be back up all of that will be discussed at 

the time yeah so that people get a better picture of what we 

are trying to achieve. 

Participant Two suggested: 

I want to see the kids improve with me it is trying to work 

on their strengths rather than their weaknesses. 

Participant Two suggested the players he was coaching (15 years 

of age) were at a level of ability that further improvement was not 

required: 

…with the 15-year olds you're a batsman and we will focus 

on you as a batsman. I don't need you bowling in again 

because we've got plenty of other kids to bowl so therefore 

you don't have to practice bowling. We're not going to pick 

up on your technical abilities with bowling unless we see 
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something. You'll always be a bowler; you're just a hack 

as a batsman sort of thing so… and I try to do that in the 

games as well. 

Participant Two appeared quite traditional (Low et al., 2013) in 

the ways they tried to develop teamwork when fielding: 

…we work as a unit when fielding and they suffer the 

consequences of fielding as a unit. So now it's when they 

drop a catch in the catching drills everybody does five 

pushups not just one person drops the catch everyone does 

it and it's amazing how the focus and the distractions 

disappear when they work as a team when they're all 

suffering together.  

Participant Two valued the incorporation of competition into 

drills and was very positive towards net sessions: 

I think the nets are fantastic in the way of if I can do one 

on one with the batsman. I will get them working on their 

footwork, not necessarily their technique, it doesn't matter. 

It's all about footwork and body position for me. …The 

volume is the key thing right. Like I (don’t) have a pop-up 

net and a pop-up cricket net where I can set up on a centre 

wicket and (also) we just haven’t got the time to set that 

up.  

Conversely, Participant Two did not believe net sessions were 

great for bowlers, attributing this belief to something he read: 

…because they're intimidated by the claustrophobic feel of 

it—particularly spinners…I read a book by Ashley Mallet 

on Clary Grimmet, Australian leg spinner. He refused to 

bowl to batsman in the nets because it never replicated a 

match situation, because batsman in the nets have more 

bravado, no repercussions, just whacking the ball, so 

therefore they never played him properly as if they were 

out in the centre wicket. 

Participant Three’s philosophy was specific about his goals with 

an emphasis on cognition, reflection and learning. 

…the one underlying theme or philosophy is that you 

know the best coach you need or are going to ever have is 

the one that's inside your head. It's about them being able 

to be reflective and thinking cricketers and that's probably 

more the goal of everything I try and do is that you know 

provide an environment that's safe and supportive but 

allow them to challenge themselves with their learning 

regarding cricket so being reflective. 

Participant Three emphasised the need for player autonomy. 

When they were asked to elaborate on how they developed these 

reflective and thinking cricketers Participant Three suggested: 

…setting up new environment for your group of kids and 

really, it's doing that… setting it up and getting out of the 

way and letting you know I try to let the players run both 

the drills and the scenarios themselves….so really, it's 

setting up the scenario or the drill he's still being clear with 

the constraints and then getting out of the way and letting 

it unfold and then jumping in for you know when there's 

those teachable moments or they reflective questions and 

try and get them to debrief it at the end. 

To summarise, Participant One suggested they used a lot of game 

play and scenarios with an emphasis on fun, engagement and 

improvement. Participant Two also desired improvement through 

working on strengths rather than weaknesses and valued drills 

(training form), volume of practice, and one-on-one opportunities 

with players where possible. Participant Two believed net 

sessions were great for batters in terms of volume but not as 

beneficial for bowlers. Participant Two did use centre-wicket 

scenario type training in their coaching practice. They did, 

however, express a view that they valued net sessions due to the 

volume of practice you could get with batters.  Finally, Participant 

Three emphasized the importance of developing each 

participant’s ‘inner coach’ and coaching in a way that required the 

players to develop their own player-centered goals through game-

like practice experiences and reflection on what has happened 

during play. This belief seems informed by constructivist views 

and valuing of learner autonomy during practice. 

3.1. Coach observations 

The results in this section describe the observed coaching styles 

of the three coaches during their three 60-minute coaching 

sessions (three coaches times three 60-minute observations = 540 

minutes total observation time). All three coaches, when observed 

through the lens of the Spectrum, were coded as Coaching by Task 

(Practice) Style B as the dominant coaching style with Participant 

Two exclusively using Style B. While Style B may be thought of 

as closed skills or drills practice under control of the coach, we 

argue that this is not the only case. Style B is from the 

reproduction cluster and can require the participant to use memory 

of the coach demonstration and explanation as the cognitive 

operation.  An example of Style B being used in a game like 

environment was used by Participant Three. Participant Three told 

the batter his target was 16 runs off 6 deliveries. Participant 

Three’s questioning is below: 

Participant Three: ‘What’s the field?’ 

Bowler: ‘Normal ring field.’ 

Participant Three: ‘What’s a normal ring field’? ‘So, 

everyone’s up?’ 

Bowler: ‘Yeah…a mid-wicket.’ 

Participant Three: ‘He’s got everyone up…and you need 

16 off the over.’ 

These are examples of how open-ended questioning can require 

the participant to recall known knowledge and is therefore not 

Guided Discovery – Style F. We are not arguing recalling 

knowledge is not valuable, we are merely suggesting open-ended 

questioning in this form is not requiring the learner to discover 

knowledge and would not meet the CA coaching goal of solving 

a problem. Coaching by Guided Discovery Style F was minimally 

used by Participant 1 (1.5% of the time) and Participant Three (2.7% 

of the time) when coaching. 

Participant One was also observed using Coaching by Problem 

Solving (Convergent Discovery) Style G (0.8%) with their players, 

meaning in the observed sessions they used three coaching styles 

(Styles B, F and G). Participant Two used one coaching style 

throughout – Coaching by Task (Practice) – 86%.  Participant 

Three used four coaching styles during the observations, creating 

learning experiences for their players using Coaching by 

Individual Programming (Self-Check) Style D (0.4% of the time), 

Coaching for Creativity (Divergent Discovery) Style H (1.7% of 

the time) when coaching, Coaching by Guide Discovery Style F – 

2.7% and Coaching by Task (Practice) Style B – 82.6%. 
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Table 2: Coaches observed coaching styles. 

Participant Coaching style used during three 60-minute coaching sessions 

Participant 1 Coaching by Task (Practice) Style B – 82.2% 

Coaching by Guided Discovery Style F – 1.5% 

Coaching by Problem Solving (Convergent Discovery) Style G – 0.8% 

Management – 15.5% 

Participant 2 Coaching by Task (Practice) Style B – 86% 

Management – 14% 

Participant 3 Coaching by Task (Practice) Style B – 82.6% 

Coaching by Individual Programming (Self-Check) Style D – 0.4% 

Coaching by Guide Discovery Style F – 2.7% 

Coaching for Creativity (Divergent Discovery) Style H – 1.7% 

Management – 12.6% 

 

From the nine 1-hour observations (three coaching sessions 

per participant) the coaching styles used in descending order were, 

Style B, Style F, Style H, Style G and Style D (Table 2). However, 

whilst a range of styles were observed, the dominant style 

observed being used by all three participants was Style B. Further, 

Style B dominated all nine sessions observed being observed 

between 82–86% of the time. 

4. Discussion 

Consistent with CA’s desire for game play as a coaching approach 

that fosters player problem solving using game forms (CA, 2022), 

from the participants’ interviews there was a general description 

of game play being evident in all their self-reported philosophies 

of coaching. Even though Participant Two indicated a valuing of 

net sessions, they still made a point of emphasising centre-wicket 

practice which generally could be assumed to resemble game-like 

scenarios. Including a lot of game play or game like environments 

in practice sessions were included in the common coaching 

philosophy of the coaches. However, there was no mention in the 

interviews of CA’s coaching philosophy of using game play to 

solve problems, nor of a GSA to coaching. Participant One used 

words such as scenario and challenge, and Participant Three 

mentioned using reflection and thinking but not specifically the 

phrase problem solving. The failure by all three participants to 

mention CA’s philosophy influencing their coaching may reflect 

coaches not being cognisant of their coach education programs 

influencing their coaching (Ferner et al., 2023). 

Whilst a range of coaching styles were observed, the dominant 

style observed by all three participants was Style B, observed 

between 82–86% of the time. Style B requires participants to use 

the cognitive operation of memory in the reproduction of 

movement demonstrated and explained by the coach. Research 

(Hewitt et al., 2016; Pill et al., 2015) has shown that Style B is the 

most used sport coaching style. Style B is termed Coaching by 

Task (Practice) and it is not limited to closed or isolated 

movement skills practice as it may take the form of a game if the 

players are being asked to replicate known movements and 

strategies (Pill et al., 2022); that is, practice in context existing 

skills, knowledge and understanding. The dominant use of Style 

B in this study is similar to Low et al. (2013) findings that 

traditionally coaching in cricket involved players spending most 

of their time in training form or drill like activities typical of 

common ‘net’ practice sessions, reproducing existing skills, 

knowledge and understanding in a relatively stable practice 

context rather than practicing in the dynamic and more 

contextually variable situation of playing form or game-like 

activities. Training Form activities are described ‘as activities 

practised in isolation or in small groups that were devoid of a 

game play context’ (Low et al., 2013, p. 1244) whilst match form 

is game like or match like conditions. The Spectrum differs from 

Low et al. categorisation in that it bases the coaching styles 

definitions around the cognitive requirements of the coaching 

style. In particular, participants being asked to reproduce skills or 

knowledge or are they being asked to produce new knowledge (by 

creativity or discovery) to a problem they have not previously 

encountered. Participants in Low et al. (2013) research were being 

perceptually, cognitively and motor skill underdeveloped because 

most of the coaching activities were training form activities. 

While in our study, Participants One and Three were observed 

using some games which required problem solving, some other 

games were coded as Style B as the participants were not directed 

to solve a problem or the game required the recall of already 

known movements to play (memory) the game and not solve an 

unknown problem. 

While Style B coaching dominated in our study, Participant 

Two was the only coach to use Style B the entire time of their 

three 1-hour observed coaching sessions. Participant One used 

three styles (B, F and G) and Participant Three used the most 

styles (B, D, F and H) of the three coaches involved. The 

dominant use of Style B may have been influenced by Participant 

Two ’s desire for volume and seemingly valuing time and 

efficiency. However, the view that volume can only be achieved 

through traditional cricket coaching may be a misconception. 

Vickery et al. (2014) suggested game-like environments 

(Battlezone) have a similar or greater training load to traditional 

training methods. Participant Two’s view that efficiency and 

volume can only be achieved through net sessions (and not CA 

suggested approaches) maybe an example of what Jones (2007) 

described as an everyday coaching philosophy and that coaches 

are aware of where to find coaching knowledge but fail to see its 

relevance in their everyday coaching. 

Style F (used by Participants One and Three – see Table 1 for 

definition) was the second most frequently used coaching style 
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observed being used. However, at other times, Participant One 

and Three also used open ended questions (a characteristic of 

Style F) with their participants where the players were retrieving 

or recalling knowledge or answers previously known, meaning by 

Spectrum definition, Style B.  

Divergent Discovery Style – H was only used by Participant 

Three. Divergent Discovery Style – H learning episodes are 

created with the intention for ‘players to discover or generate 

multiple possibilities that satisfy a question or situation’ (Pill et 

al., 2022, p. 80). That is, the coach sets a problem or scenario for 

the player to solve that has multiple solutions. The player will use 

creativity or discovery (not recall or memory of a known solution) 

to produce two or more solutions. Divergent thinking requires 

idea generation where more than one solution is workable. 

Divergent thinking is often applied to ‘open’ problems and 

challenges where creative solutions are sought (Benedek et al., 

2014; Pill et al., 2022). An example of a Divergent Discovery 

Style – H used by Participant Three was a challenge called ‘Hit 

the clock’. An area was set up on a synthetic cricket pitch with 

targets (1 o’clock, 3 o’clock, 5 o’clock) represented with markers. 

One player would under-hand toss a ball which would bounce 

once before reaching the batter. The batter was tasked with the 

problem of hitting the targets which they nominated. The coach 

instructed the batters to ‘solve the problem of hitting the target 

even if the ball is not exactly where you want it. What can you 

do?’ This situation is an example of the researchers seeing that 

this could be also an example of Coaching by Task (Practice) - 

Style B if the players already possessed the skill to solve this 

problem or had solved this problem before. Despite this, the 

researchers coded this coaching episode as a Production Cluster 

style as when two styles emerged, the one closest to the 

Production Cluster was recorded.  

Considering all nine hours observed, 6.7% of the coaching 

styles (Styles F, G and H) required learners to use discovery or 

creativity as the cognitive operation. Using discovery or creativity 

is in line with CA’s desire for players to learn through problem 

solving. This 6.7% would represent 36 minutes total time where 

coaches (Participant One and Three) used coaching styles that 

required problem solving to be used by the players. We argue that 

this does not represent a significant amount of time and that the 

coaches are not meeting CA desired outcomes. CA does not 

specifically suggest an amount of time that coaches should use a 

coaching style encouraging player problem solving, nor would we 

suggest that there is a specific or ‘right’ number. However, 

considering Participant Two went the entire time using one style 

(Practice Style B), it is hard to believe that this would meet CA’s 

desire for coaches to be game-based in their coaching (Cricket 

Australia, 2022). 

The discrepancy between the coaches self-reported coaching 

styles and what was observed (dominance of Style B) is similar to 

findings by others (Hewitt et al., 2016; Pill et al., 2016; SueSee & 

Barker, 2019; SueSee et al., 2019). This suggests that the tenets 

of GBA coaching, in the Australian context a GSA, may have 

recognition but lack wide-spread understanding despite being 

continually being asserted as the underpinning pedagogical 

expression for junior sport coaching and playing for life (Australia 

Sport Commission, 2023). Whilst the researchers observed games 

frequently, what they did not see as often (6.7% problem solving) 

were games requiring the solving of unknown problems and the 

use of questioning to encourage players into thinking (reflecting) 

on their practice. CA’s coaching philosophy values solving 

problems through games however it does not speak about the role 

questioning plays in a GSA. Others (Ferner et al., 2023) suggested 

many current coaching education programs speak about coaching 

styles or methods, however, they fail to show coaches how to 

effectively implement a coaching philosophy congruent in 

practice with the coaching styles they promote for coaches.  

Another factor that may have influenced the styles used was 

pedagogical coaching knowledge. Participant Three was the 

highest qualified (Level 3) coach and a high school teacher. This 

participant used the greatest number of coaching styles (n=4), had 

the lowest amount of time coded as management, and spent the 

most time using coaching styles that required players to solve 

problems. Whilst the sample size is too small to make causative 

claims, we suggest this participant’s pedagogical content 

knowledge (PCK) was the highest given their qualifications and 

may have had some effect. This is in line with others (Roberts, 

2011) who recorded cricket coaches desiring more support to 

implement Teaching Games for Understanding in the United 

Kingdom when attempting to implement player-centred coaching. 

The ASC suggests a GSA is a way to modify game strategies and 

concepts so there are opportunities to develop both skills and an 

understanding of the tactics of the game’ congruently and thereby 

help develop thinking players (Australia Sport Commission, 

2023). The use of inquiry strategies by coaches using a GSA is 

accordant to coaches creating practice episodes that include using 

Coaching by Guided Discovery – Style F, Coaching by Problem 

Solving (Convergent Discovery) – Style G and Coaching for 

Creativity (Divergent Discovery) – Style H from The Spectrum of 

Coaching Styles (Pill et al., 2022). The three coaches in this 

research self-reported using Playing Form (O’Connor et al., 2020) 

type activities at times (or game-like environments), and in some 

cases the learning experiences were game-like where participants 

were required to use perceptual motor skills. However, this is 

where The Spectrum positions learning episodes differently by 

defining the coaching styles used based on decision making 

between the coach and participant to help define the coaching 

style. We argue that The Spectrum can provide the knowledge, 

skills and language to assist coaches in creating learning episodes 

which reflect the tenets of GBA’s. This research did not set out to 

prove that coaches lacked knowledge to implement a GSA, rather 

than to confirm if their coaching philosophies aligned with their 

coaching practice. As all three participants, in some capacity, 

verbalized a valuing of a GSA then it may be presumed, they 

would use a GSA where and when appropriate. Based on this 

premise, knowledge of The Spectrum could assist with greater 

alignment between the assumed coaching style and enacted 

coaching style (Hewitt, 2015). The Spectrum can provide an 

integration of declarative (what needs to be done) and procedural 

knowledge (how it needs to be done) which links back to the 

coach’s pedagogical judgement and decision-making intentions 

towards implementing a GBA (Pill et al., 2021).  

While suggesting supporting coaches’ development and 

improving PCK may assist coaches alignment procedural 

knowledge relative to using a GBA with declarative knowledge 

relative to implementation, we note the multi-dimensional nature 

of coaching children in community cricket. If a coach was using 

any coaching style, but they believed a participant was not 

engaged, they very likely would change the coaching episode in 

the hope of re-engaging the participant. To put this in a context, 
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CA has its intentions that coaches be game-based, the coach may 

attempt to apply a version of that through  coaching (pedagogical) 

style and the participant has their own agenda for participating in 

community cricket –which may or may not align and lead coaches 

to utter the ‘it’s fine in theory, but…’ (Jones, 2007) disposition 

towards a GBA. Other research has suggested barriers to coaches’ 

using GBA’s include a reluctance to ‘let go’ of direction and 

control (Light & Evans, 2010), lack of clarity in coach education 

as to what a GBA is in practice (Reid & Harvey, 2014), challenges 

adapting their session plans to the format of a GBA (Thomas et 

al., 2013), and under-developed PCK regarding questioning skills 

(O’Leary, 2014), a tenet of a GBA. Specific to cricket coaching, 

a factor which has been suggested is the excessive reliance on 

reproductive or direct teaching methods due to the traditional 

culture associated with the sport (Cassidy et al.,  2008; Williams 

& Hodges, 2005). This includes cricket training frequently 

occurring in enclosed nets (Low et al., 2103). These factors must 

also be considered as potential influences on the pedagogical 

choices of participants in this study. 

Conclusion 

This research aimed to identify the coaching styles used by three 

community cricket coaches and if they aligned with their own 

beliefs about the styles they used, and the goals suggested by 

Cricket Australia of coaching using an approach that requires 

problem solving through games. Style B was the most used style 

and used by all participants in this study. All three participants 

used Style B over 80% of their coaching time. All the participants 

reported using games and problem solving (which are suggested 

components of GBA’s) during interviews but only two 

participants were observed using coaching styles that could create 

learning episodes that may lead to discovery and problem solving. 

The results indicate that in some cases, coaching style alignment 

was observed indicating congruence with self-reported coaching 

styles or philosophies between Participants One and Three. Whilst 

Cricket Australia does not stipulate the amount of time coaches 

should use GBA’s, the researchers suggest that 6.7% of the time 

using a GBA (to create learning experiences requiring problem 

solving - approximately 36 minutes) out of 9 hours of coaching, 

will most likely not achieve the aims of player problem solving 

games (Cricket Australia, 2022). What can be claimed with 

certainty is that the majority of time players with the coaches in 

this study were not in environments representing the suggested 

coaching approach of CA. A lack of alignment exists with Cricket 

Australia’s stated coaching preference (problem solving) and the 

coaching styles observed during this research. Whilst this research 

is not a critique of CA’s suggested coaching desires, perhaps what 

is needed is more specific and common language used to describe 

the coaching styles CA desires community coaches to use. For 

example, no one coaching style can achieve all aims and some 

scholars (SueSee et al., 2016; SueSee & Pill, 2018; Pill & SueSee, 

2021) have argued that GBA’s are more than one style, and a 

common language is required to diminish confusion. We suggest 

the Spectrum can play a part in providing coaches with coaching 

knowledge that assists in alignment of coaching intention and 

coaching style. Pedagogical content knowledge (PCK) may 

predict the quality of teaching and the quality of student learning 

(Baumert et al., 2010; Iserbyt et al., 2020; Meier, 2021). Further, 

we argue this knowledge may assist coaches to construct coaching 

episodes that others (Lascu at el., 2021; Low et al., 2013) have 

suggested are required for the development of cricketers. The 

Spectrum has been suggested as a way of providing this common 

language to help understand ‘that broad terminology such as 

GBAs and Direct Instruction do not adequately describe the 

teaching-learning decisions being made by the coach and player/s’ 

(SueSee & Pill, 2022, p. 132). Currently, CA’s ‘The Australian 

Way’ does not provide this common language to help coaches see 

the complexities of being a GBA coach and CA’s approach to 

coaching needs to be revisited if they wish to achieve the 

outcomes they state. 
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 Professional boxing is a weight-categorised combat sport in which strength and power are 

key determinants of success. Coupled with the use of day-before weigh-in schedules, these 

demands encourage fighters to undergo rapid weight-loss (RWL - from hypohydration and 

energy restriction) to “make weight” before refuelling and rehydrating before competition. 

However, no research has investigated the effects of RWL and subsequent recovery on pre-

competition performance. This case study therefore assessed neuromuscular performance in 

a 25-year-old professional super-welterweight boxer (154 lb or 69.9 kg) immediately before 

an “intercontinental” championship fight, comparing performance indices to those recorded 

over the preceding six-week “training camp.” Isometric mid-thigh pull, and anthropometry 

were monitored weekly for 5 weeks, along with countermovement (CMJ) and squat jump 

performance (SJ), which were quantified from jump heights, propulsive power and impulse, 

then used to construct 95% confidence intervals (CIs). Subsequently, performance and 

salivary hormones (cortisol and IgA) were quantified at the competition venue throughout 5 

days of RWL, and pre-competition. Dietary intakes were confirmed from menus and 

ingredient lists. The boxer reduced body mass from 80.3 to 75.9 kg over 5 weeks of training, 

before losing a further 6 kg (7.9% body mass) from RWL to make the championship limit. All 

neuromuscular performance measures declined below CIs immediately before RWL, other 

than CMJ height and SJ impulse. Conversely, only CMJ and SJ impulse declined before 

weigh-in. After 36 h refeeding and rehydration (~10 g·kg-1·d-1 carbohydrate), the boxer 

increased body mass to 79.4 kg, re-establishing performance in all metrics before 

competition. Salivary IgA and cortisol concentrations peaked immediately before weigh-in 

and competition, respectively. These are the first data reporting the effects of RWL and 

subsequent regain on pre-competition performance in an elite boxer, and suggest that deficits 

in neuromuscular performance may be ameliorated by 36 h rehydration and refeeding. 

Keywords:  

Boxing 

Rapid weight-loss 

Power 

 

 

1. Introduction  

Professional boxing is a full-contact combat sport where victory 

is earned by landing “clean and effective” punches to achieve a 

knockout, technical knockout, or a points decision. Bouts are 

scored by awarding completed rounds according to the power and 

number of punches landed, as well as the judges’ perceptions of 

“effective aggression”, “ring generalship”, and defensive ability 

(Association of Boxing Commissions, 2005). Strength and power 

are therefore key determinants of success (Chaabène et al., 2015; 

Halperin, Hughes, & Chapman, 2016; Ruddock, Wilson, 

Thompson, Hembrough, & Winter, 2016). Importantly, boxing is 

a weight categorised sport, with professional bouts contested in 

17 weight classes to avoid extreme disparities in size and strength 

(Association of Boxing Commissions, 2005). Accordingly, 
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boxers frequently aim to compete in a weight category below their 

natural weight (“making weight”) to avoid conceding physical 

advantages (Halperin et al., 2016; Morton, Robertson, & Sutton, 

2010; Pettersson, Ekström, & Berg, 2013) for the purpose of this 

article ‘weight’ is being used colloquially for ‘body mass’ in 

keeping with SI units). As well as striving to optimise body 

composition throughout training, boxers commonly undertake an 

additional  period of rapid weight-loss (RWL) in the days before 

weigh-in (Langan-Evans, Close, & Morton, 2011; Morton et al., 

2010; Reale, Slater, & Burke, 2017b), involving the deliberate 

depletion of muscle glycogen, total body water and gut-weight 

(Reale, Slater, & Burke, 2017a; Reale et al., 2017b). As weigh-

ins for championship boxing matches are conducted ~36 h before 

competition (Association of Boxing Commissions, 2005), 

aggressive rehydration and carbohydrate replenishment strategies 

may permit boxers to regain 5–10% of their weight before the 

enter the ring (Baribeau et al., 2023). However, the extreme levels 

of hypohydration (~10% body mass; Coswig, Fukuda, & Del 

Vecchio, 2015) and energy restriction (multiple days ≤ 500 kcal·d-

1; Castor-Praga et al., 2023) commonly associated with RWL pose 

serious risks to both health and performance (Barley, Chapman, 

& Abbiss, 2018; Kasper et al., 2019). Indeed, whilst exercising in 

the heat is a common method used to facilitate hypohydration and 

RWL (Park, Alencar, Sassone, Madrigal, & Ede, 2019; Reale, 

Slater, & Burke, 2018a), instances of heat injury are not 

uncommon (Barley, Chapman, & Abbiss, 2019), with rare 

accounts of resulting fatalities providing a sobering reminder of  

the risks involved (Control & Prevention, 1998; Zhuo, Li, & 

William, 2019). There is no consensus on what degree of RWL 

may be carried out safely (Burke, Slater, Matthews, Langan-

Evans, & Horswill, 2021; Linden, 2021; Peacock et al., 2022).  
To date, few studies have investigated the effects of RWL and 

subsequent regain on professional boxing performance (Baribeau 

et al., 2023; Daniele, Weinstein, Wallace, Palmieri, & Bianco, 

2016). In first instance, Daniele et al. (2016) reported no 

differences in body mass between winners and losers at a 

mandatory second weigh-in (+24 h) in 142 professional boxers 

(126 men, 16 women) competing in IBF World Championship 

bouts. Conversely, a recent study on 1392 male professional 

boxers by Baribeau et al. (2022) reported that winners regained 

significantly more body mass than losers (8.0% ± 3.0% vs 6.9% 

± 3.2%, p < 0.01), prior to a second weigh-in on arrival at the 

competition venue. However, neither prior RWL, nor body mass 

immediately pre-competition was quantified in either paper. 

Moreover, as decisions in boxing depend upon judges’ subjective 

perceptions of skill and dominance (Dunn, Humberstone, Iredale, 

Martin, & Blazevich, 2017), analysis of winning/losing only is 

insufficient to describe the physiological effects of RWL. 

As the generation of punch force originates in the lower-body 

(Lenetsky et al., 2020; Stanley, Thomson, Smith, & Lamb, 2018), 

measures of lower-limb neuromuscular function may offer non-

invasive/non-fatiguing performance markers for use at competition. 

Indeed, the analysis of force-time data from vertical jumps and 

isometric lower-limb contractions is common for monitoring 

adaptation and fatigue in team sports (Bishop et al., 2022; Harper, 

Cohen, Rhodes, Carling, & Kiely, 2022). Furthermore, the 

increased availability and affordability of portable hormonal assays 

(Coad, Mclellan, Whitehouse, & Gray, 2015), offers more potential 

insight for competition readiness. For example, salivary measures 

of cortisol (elevations of which are associated with a catabolic 

environment and impaired recovery status) and immunoglobulin A 

(sIgA; a marker of immune function and exercise-induced 

physiological stress) have been validated for monitoring athletic 

recovery (Lee et al., 2017; Turner, Loosemore, Shah, Kelleher, & 

Hull, 2021). Due to the limited research on the impact of RWL and 

subsequent recovery immediately pre-competition, the present case 

study aimed to assess the effects of RWL, and subsequent weight 

regain on neuromuscular performance and hormonal markers in an 

elite professional boxer before a championship bout. Additionally, 

as all food was provided in the competition venue/hotel throughout 

RWL and recovery, performance changes with RWL were assessed 

in the context of a rigorous dietary analysis. 

2. Methods 

2.1. Design 

Following institutional ethics approval (P121420) a 25 year-old, 

elite-level (McKay et al., 2021), male professional super 

welterweight boxer (competition weight 154 lb or 69.9 kg; 

habitual weight ~81 kg; stature 183cm) was monitored throughout 

a six-week “training camp.” Subsequently, he competed for an 

“intercontinental title” over 10 × 3 min rounds (Table 1). Vertical 

jump performance, lower-body strength in the isometric mid-

thigh pull (IMTP), and anthropometry were monitored weekly in 

the UK for 5 weeks (“block A”), with averages and SDs used to 

construct 95% confidence intervals (CI), using a t-distribution 

(Smithson, 2003). The final week involved travel to competition 

(Dallas, Texas), and 5 days’ RWL (“block B”), during which 

performance was assessed and compared to derived 95% CIs 

using what is known as an A-B research design (Figure 1; 

Kinugasa, 2013; Kinugasa, Cerin, & Hooper, 2004). The final 

weekly monitoring session of the boxer’s training camp (6 days 

before competition) also served to quantify performance at the 

start of RWL (D-6), from which point urinary measures of 

hydration, sIgA, and cortisol were also assessed. The day before 

weigh-in (D-2), the boxer commenced deliberate hypohydration 

from the early evening, after which jump performance was 

assessed. Jump performance and hydration were then evaluated 

immediately before the weigh-in (D-1), and on the day of 

competition (D0). Performance changes during RWL were 

deemed significant if mean values crossed the 95% CI. Due to 

logistical constraints, and perceived injury-risk, IMTP was not 

measured during RWL.  

2.2. Procedures 

Resting metabolic rate (RMR) was determined at baseline 

(MetaLyzer 3B System; Cortex, Leipzig, Germany) and used as a  

lower threshold for planned energy intake throughout training 

(Morton et al., 2010). Lower body performance was monitored 

throughout training camp from countermovement jump (CMJ) and 

squat jump (SJ) force-time indices, using the in-built software of a 

commercially available force plate sampling at 1000 Hz (Hawkins 

Dynamics, Westbrook, ME). Jump heights (cm), as well as peak 

and mean propulsive power (W) were derived from the impulse-

momentum relationship. These metrics were deemed important, 

considering their utility for monitoring performance in sports where 

athletes may not be experienced or technically proficient in jumping,
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Table 1: Weekly performance scores and anthropometric data over training camp. 

 Training camp  Pre-competition 

 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 (D-6) Average CI (+/₋) D-2 D-1 D0 (BOX) 

Body mass (kg) 80.3 79.4 78.8 77.9 76.9 75.9 78.2 ± 1.6  72.7 69.9 79.4 

Σ8 Skinfolds (mm) 49.6 45.2 - 42.3 39.8 37.1 42.8 ± 4.8     

CMJ (cm) 39.6 ± 0.7 38.5 ± 0.3  43.5 ± 2.2 41.4 ± 2.1 38.4 ± 0.8 40.2 ± 2.2 2.9 45.4 ± 1.6↑ 40.3 ± 1.2 41 ± 0.9 

CMJimp (N·s) 451 ± 9 471 ± 12  478 ± 13 477 ± 10 451 ± 18 466 ± 14 18.3 477 ± 3 445 ± 8↓ 478 ± 2 

CMJimpNet (N·s) 224 ± 2 226 ± 1  238 ± 6 232 ± 5 209 ± 2 ↓ 226 ± 11 15.2 231 ± 4 215 ± 3 229 ± 2 

CMJPP (W) 4438 ± 57 4352 ± 56  4649 ± 150 4436 ± 125 3885 ± 68 ↓ 4352 ± 283 407.8 4508 ± 77 4266 ± 79 4373 ± 101 

NCMJpp (W·kg-1) 55.5 ± 0.7 53.1 ± 0.8  57.3 ± 1.8 54.7 ± 1.7 51.2 ± 1.1 ↓ 54.3 ± 2.3 3.6 58.5 ± 1 ↑ 56.1 ± 1 54.4 ± 1.3 

CMJMP (W) 2280 ± 56 2272 ± 41  2433 ± 117 2332 ± 78 2024 ± 52 ↓ 2268 ± 151 239.2 2324 ± 66 2131 ± 57 2269 ± 31 

NCMJMP (W·kg-1) 28.5 ± 0.7 27.7 ± 0.5  30 ± 1.4 28.8 ± 1 26.7 ± 0.8 ↓ 28.3 ± 1.2 2.5 30.2 ± 0.9↑ 28 ± 0.8 28.2 ± 0.4 

CMJFpk (N) 1775 ± 9 1755 ± 16  1768 ± 26 1760 ± 40 1561 ± 34 ↓ 1724 ± 91 110.0 1672 ± 23 1678 ± 20 1712 ± 8 

CMJFpkNet (N) 990 ± 10 950 ± 18  972 ± 26 965 ± 39 816 ± 37 ↓ 939 ± 70 86.5 917 ± 22 932 ± 20 923 ± 9 

CMJVPk (m·s-1) 2.9 ± 0.1 2.8 ± 0.1  3 ± 0.1 2.9 ± 0.1 2.8 ± 0.1 2.9 ± 0.1 0.1 3.1 ± 0.1 ↑ 2.9 ± 0.1 2.9 ± 0.1 

SJ (cm) 35.3 ± 1.6 35.8 ± 2.5  38.3 ± 2.2 35.5 ± 3.3 31.7 ± 0.7 ↓ 35.3 ± 2.4 2.9 42.9 ± 1.5↑ 36.9 ± 1.9 36.6 ± 0.7 

SJimp (N·s) 534 ± 36↓ 558 ± 14  561 ± 68 568 ± 29 571 ± 22 558 ± 15 18.3 564 ± 27 506 ± 10↓ 604 ± 29↑ 

SJimpNet (N·s) 214 ± 4 218 ± 8  224 ± 6 215 ± 9 192 ± 3 ↓ 212 ± 12 15.2 224 ± 4 205 ± 4 216 ± 2 

SJPP (W) 4307 ± 176 4466 ± 274  4660 ± 247 4316 ± 351 3777 ± 101↓ 4305 ± 328 407.8 4741 ± 55↑ 4265 ± 150 4441 ± 94 

NSJMP (W·kg-1) 53.2 ± 2.4 54.5 ± 3.4  57.3 ± 3.1 53.1 ± 4.5 49.4 ± 1.2 ↓ 53.5 ± 2.9 3.6 61.5 ± 0.7↑ 56.2 ± 2.3 55.2 ± 1.1 

SJMP (W) 1485 ± 190 1431 ± 99  1498 ± 318 1380 ± 197 1031 ± 39 ↓ 1365 ± 193 239.2 1472 ± 169 1443 ± 62 1254 ± 110 

NSJMP (W·kg-1) 18.3 ± 2.4 17.5 ± 1.2  18.4 ± 3.9 17 ± 2.4 13.5 ± 0.5 ↓ 16.9 ± 2 2.5 19.1 ± 2.2 19 ± 1 15.6 ± 1.4 

SJFpk (N) 1861 ± 49 1923 ± 43  1959 ± 79 1862 ± 43 1727 ± 25 ↓ 1866 ± 89 110.0 1862 ± 23 1803 ± 37 1884 ± 27 

SJFpkNet (N) 1067 ± 53 1118 ± 43  1162 ± 80 1065 ± 47 976 ± 24 ↓ 1078 ± 70 86.5 1106 ± 22 1059 ± 37 1095 ± 26 

SJVPk (m·s-1) 2.7 ± 0.1 2.7 ± 0.1  2.8 ± 0.1 2.7 ± 0.1 2.6 ± 0.1 ↓ 2.7 ± 0.1 0.1 3 ± 0.1↑ 2.8 ± 0.1 2.8 ± 0.1 

IMTP (N)  3186 ± 40  2993 ± 38 3018 ± 39 2915 ± 38 ↓ 3028 ± 39 162    

NIMTP (N·kg-1)  40.2 ± 0.8  38.4 ± 2.6 39.2 ± 1 38.4 ± 1.8 39.1 ± 0.8 1.2    

Note: Days D-6 to D-1 indicate days until competition, with D0 (Box) indicating competition day; CMJ = Countermovement jump height; CMJ imp = Countermovement jump 

propulsive impulse; CMJimpNet = Countermovement jump net propulsive impulse CMJPP = Countermovement jump peak propulsive power; NCMJPP = Countermovement jump 

normalised peak propulsive power; CMJMP = Countermovement mean propulsive power; NCMJMP = Countermovement jump mean normalised peak propulsive power; CMJFpk 

= Countermovement jump peak propulsive force; CMJFpkNet = Countermovement jump peak net propulsive force; CMJVpk = Countermovement jump peak velocity; SJ = Squat 

jump height; SJimp= Countermovement jump propulsive impulse; SJimpNet = Squat jump net propulsive impulse; SJPP = Squat jump peak propulsive power; NSJPP = Squat jump 

normalised peak propulsive power; SJMP = Squat mean peak propulsive power; NSJMP = Squat jump normalised mean propulsive power; SJFpk = Squat jump peak propulsive 

force; SJFpkNet = Squat jump peak net propulsive force; SJVPk = Squat jump peak velocity; IMTP = Isometric mid-thigh pull peak force; NIMTP = Normalised IMTP; Week 3 

data missing due to the boxer travelling for sparring. 
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Figure 1: Study design. Note: MHR = Maximal heart rate; MAS = Maximum aerobic speed; Reps = repetitions; 1RM* = Predicted 1 repetition-maximum; BS = Back squats; 

DL = Deadlift; WPU = Weighted pull-up; BP = Bench-press; MVICNeck = Maximal isometric voluntary contraction of the neck (flexion, side flexion left and right); MBS = 

Medicine-ball slams; JS = Jump squats; LMP = Landmine-press; BJ = Box jump; VLKD = Very low calorie diet and water loading (8L D-6/D-5/D-4; 4L D-2; 1L D-1). HCD = 

High carbohydrate diet. (A) Countermovement jump and squat jump testing; (B) Isometric mid-thigh pull testing; (C) Urinary hydration testing (specific gravity and osmolarity); 

(D) Salivary hormonal assays (cortisol and IgA); (E) Championship weigh-in; (F) Hypohydration protocol (athlete’s own) consisting of exercise in plastic clothing, bathing, and 

towel wrapping; (G) Competition (intercontinental title bout over 10 × 3 min rounds.   
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with the use of both CMJ and SJ chosen to assess muscle function 

both with and without the use of the stretch-shortening cycle (Gross 

& Lüthy, 2020; Loturco et al., 2016). Additionally, impulse (N⋅s) 
was calculated as the integral of force over time, as commonly used 

to assess physiological capacity for high intensity sports specific 

actions, such as throwing or punching performance (Bartonietz, 

1996; Lenetsky et al., 2020; Zaras et al., 2014). Jumps were 

performed with arms akimbo following 4 s quiet standing and 

reported as mean ± SD from three attempts. Throughout training, 

IMPT (peak force; N) was assessed from a 5 s maximal effort. The 

athlete was familiar with all performance tests from previous 

training camps, as evident from between-session coefficients of 

variation from 2.3–4.6% for all metrics, comparing performance for 

each repetition between two measurements taken at similar weights. 

Skinfolds (Σ8; mm) were assessed by an experienced level 1 

anthropometrist using a Harpenden skinfold caliper (British 

Indicators Ltd., West Sussex, UK), having demonstrated CVs < 5%. 

Body mass (kg) was taken following a morning void (Seca 880, 

Digital Scales, Seca Ltd, Birmingham, UK). Hydration was 

assessed from urine osmolarity (Vitech Scientific, West Sussex; 

mOsm·L-1) and specific gravity (9SA-BR32T Refractometer, Cole-

Parmer Instruments, St Neots, Cambridgeshire, UK), from the first 

morning void, as commonly reported in combat athletes (Matthews 

& Nicholas, 2017; McDermott et al., 2017). 

Physiological stress was monitored further throughout RWL 

from salivary hormones at the start and completion of RWL (two 

days, at either end) of RWL, as well as immediately pre-

competition. Cortisol (nmol/L) and immunoglobulin A (sIgA; 

µg/mL) were assessed using portable, lateral-flow 

immunochromagraphic assays (IPRO Interactive, Wallingford, 

UK), as described previously (Coad et al., 2015). These tests 

demonstrated excellent reliability and validity compared to 

existing point-of-care methods (r = 0.98; 95% CI [0.96, 0.99]; 

Dunbar, Jehanli and Hazell, 2015), whilst reliability was also 

assessed by taking duplicate samples at baseline, which 

demonstrated a within-day precision of 2.4% for sIgA and 4.3% 

for cortisol. Subsequent measures were taken from single readings 

due to financial and logistical constraints.  

2.3. Nutritional strategy 

Based on prior competitive experience, the athlete and his coach 

targeted a morning weight of 75 kg for the week of competition, 

before losing the rest through RWL. This degree of RWL (< 7%)  

has previously been reported in combat athletes (Kasper et al., 

2019; Kirk, Langan-Evans, & Morton, 2020; Matthews & 

Nicholas, 2017), necessitating the loss of 5 kg in 5 weeks. Energy 

requirements were estimated from predictive equations derived 

from boxers (Ismail, WD, & Zawiah, 1997) and nutritional 

guidance based on a deficit of 1100 kcal per day, assuming an 

energy requirement of approximately 7700 kcal per 1 kg reduction 

in body mass (Heymsfield et al., 2012). The intakes initially 

prescribed would have provided energy in excess of RMR at all 

points before RWL (Langan-Evans et al., 2011; Morton et al., 

2010). However, to account for the possibilities of underreporting 

(Ferraris, Guglielmetti, Trentani, & Tagliabue, 2019) or energy 

restriction leading to a subsequent reduction in energy expenditure 

(Betts et al., 2014; Lebron, Stout, & Fukuda, 2024) the athlete was 

advised to adjust intake (by first looking to reduce sources of fat 

from the day’s intake, before adjusting portions/frequency of 

starchy carbohydrates) to achieve weekly/daily weight targets. A 

high protein diet (≥ 1.8 g·kg-1) was prescribed to optimise lean mass 

throughout energy restriction (Aragon et al., 2017; Helms, Zinn, 

Rowlands, & Brown, 2014). A low/moderate carbohydrate intake 

of 2–4 g·kg-1 was made necessary by the required energy deficit, 

with the athlete consuming higher carbohydrate meals and snacks 

between training sessions on days of high-intensity training 

(Figure 1), to optimise carbohydrate availability (Marquet et al., 

2016). To aid monitoring throughout training (Evenepoel et al., 

2020), the boxer weighed food before cooking, then recorded food 

intake using a mobile phone application (MyFitnessPal, San 

Francisco, California, USA).  

During RWL, the athlete consumed a very low carbohydrate 

(120 g·d-1, declining to 20 g·d-1) and sodium intake (500–1000 

mg·d-1) and increased fluid intake to 4–8 L·d-1 as part of their 

habitual “water-loading” protocol, with the aim of reducing water 

retention (Kasper et al., 2019; Reale, Slater, Cox, Dunican, & 

Burke, 2018b). This strategy was based upon the boxer’s own 

acquired knowledge, with the support team recording 

physiological responses with the aim of assessing the efficacy and 

safety of RWL. The athlete consumed 8 L·d-1 from D-6 to D-4, 

and 4 L on D-3, before reducing intake to only 1 L on D-2, prior 

to commencing deliberate hypohydration in the evening. This 

started with the boxer skipping and shadow-boxing wearing a 

combination of a plastic “sweat suit” and tracksuit, before 

undertaking a combination of hot water immersion (as hot as the 

athlete could tolerate for 10 min), alternating with periods of 

being wrapped in towels (5 min) while hot water was replaced 

(Kasper et al., 2019). The athlete got to within 1 kg of the target 

weight before sleep, completing the weight-cut (skipping) the 

following morning (D-1). Fluid intake over this phase was 

confirmed by the athlete drinking known volumes from a marked 

bottle. Following weigh-in, the boxer was instructed to rehydrate 

by drinking a volume of 40 mM sodium solution (SOS Hydration, 

London, UK) which exceeded measured fluid losses (Merson, 

Maughan, & Shirreffs, 2008), before subsequently resuming his 

habitual intake of ~3–4 L day (a minimum of 3L, or 40 ml·kg-1·d-1, 

drinking more according to thirst; Vivanti, 2012). Over the 36 h 

between weigh-in and competition, the athlete was advised to 

consume an intake of ~10 g·kg·d-1 carbohydrates to replenish 

muscular glycogen (Morton et al., 2010). Food was provided in 

known quantities at the competition venue, with detailed 

ingredient lists provided by the head chef for analysis. Additional 

food bought at a local supermarket was analysed using the 

nutritional information on food packets. 

3. Results 

At baseline, the athlete’s body mass, stature, and RMR were 80.3 

kg, 1.82 m, and 2042 kcal·d-1, respectively, with all other 

performance and anthropometric data reported in Table 1. Body 

mass was reduced to 75.9 kg over the initial 5-week camp (block 

A), alongside a reduction in skinfolds from 49.6 mm to 37.1 mm 

(Table 1). Confirming the suitability of the A-B design employed, 

all performance measures appeared to plateau over this phase 

(Table 1). Descriptive improvements in jump metrics from weeks 

1–4 (6.4–9.8%) were followed by declines over the following 2 

weeks, with all values falling to -10.1 to -0.7% immediately 
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before RWL commenced, except for a significant 7.1% 

improvement in SJ impulse. Conversely, IMPT declined from 

baseline, reaching a minimum of 2915 N (-8.5%) which fell below 

the 95% CI at week 6. Conversely, descriptive declines (40 to 38 

N·kg-1, or -4.3%) in normalised IMTP performance were 

maintained within the 95% CI (38–42 N·kg-1). 

The water-loading phase resulted in a 1.4 kg (1.8%) reduction 

in body mass over 5 days (75.9–74.5 kg), before a further 4.6 kg 

(6.2%) was lost following exercise and hot water immersion. The 

boxer subsequently made championship weight (Figure 2). 

Average daily fluid and sodium intakes over the 5 days were 5.28 

L and 815 mg, respectively (Table 2). Performance throughout 

RWL is presented in Figure 2. With the exception of CMJ height and 

SJ impulse, all neuromuscular performance measures declined below 

the 95% confidence interval by the final testing session of camp (D-

6; Figure 1), prior to the commencement of rapid weight loss (RWL). 

Conversely, both SJ and CMJ height were significantly higher than 

average training performance at D-2 (the evening before the weigh 

in), as well as SJ peak power, as measured immediately after an acute 

body mass reduction from 74.5 kg to 72 kg. Propulsive impulse for 

both CMJ and SJ then declined before weigh-in. In the 36 h 

following weigh-in, the boxer consumed 5453 kcal·d-1 (80.9 

kcal·kg-1·d-1), consisting of 140 g·d-1 protein (2 g·kg-1·d-1) 728 g·d-

1 carbohydrate (10.4 g·kg-1·d-1) and 242 g·d-1 fat (3.5 g·kg-1·d-1), 

with 14827 mg·d-1 sodium (Table 2). Body mass increased by 9.5 

kg (13.6%), with the athlete entering the ring at 79.4 kg. Urine 

osmolarity and SG increased from the day before weigh-in (560 

mOsmol·kg-1, 1.016 kg m-3) to the morning of the weigh-in (1020 

mOsmol·kg-1, 1.027 kg m-3), and was 970 mOsmol·kg-1/1.026 kg 

m-3 on the morning of competition. Following the pre-fight warm-

up, neuromuscular performance was restored to baseline levels for 

all measures, other than a significant improvement in SJ propulsive 

impulse (Figure 2). Hormonal markers varied over RWL, with sIgA 

peaking before weigh-in, and the maximum cortisol concentration 

recorded immediately pre-competition. 

 

 

 

Figure 2: Countermovement and squat jump performance throughout rapid weight-loss, alongside changes in body mass. Note: A = 

Jump height; B = Peak propulsive power; C = Propulsive impulse; D = Normalised peak propulsive power; Days numbered as D-6 to 

D0, with D0 (Box) indicating competition day; Weigh = weigh-in; Black solid bars = Countermovement jumps; Grey solid bars = Squat 

jumps; Black and grey dashed lines represent upper and lower 95% confidence limits for squat jump and countermovement jump metrics, 

respectively, with arrows representing  significant elevations above, or declines below confidence limits. 
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Table 2: Daily nutritional intakes, body mass and hormonal changes throughout RWL 

Day D-6 D-5 D-4 D-3 D-2 D-1 (Weigh-in) D 0 (Box)* 

Body mass 75.9 75.7 75.5 75.2 74.5 69.9 79.4 

EI (Kcal) 1129 1247 698 829 466 5905 2575 

Pro (g) 125 162 81 88 67 162 48 

CHO (g) 120 77 24 6 2 725 367 

Fat (g) 22 33 31 51 21 262 101 

Na (mg) 592 1532 865 384 699 17517 4722 

Urine mOsm·kg-1 540 460   560 1020 970 

Urine SG 1.015 1.013   1.016 1.027 1.026 

sIgA (ug·ml-1)* 189.8 502.9   338 677.2 378.7 

Cortisol (ng·ml-1)** 4.5 7.1   5.2 4 7.1 

Note: EI = Energy intake; Pro = protein; CHO = carbohydrates; Na = sodium; Weigh = weigh-in; Box = Competition day; Urine 

mOsm·kg-1 = Urine osmolarity; Urine SG = Urine specific gravity; sIgA = Salivary immunoglobulin-A concentration; *Nutrition on 

fight-day was only recorded up to competition, and excludes post-fight nutrition; *Baseline sIgA concentration before training camp 

recorded as 21.5 ug·ml-1; **Baseline cortisol concentrations before training camp recorded as 4.5 ng·ml-1. 

 

4. Discussion 

This is the first study to report the effects of RWL and subsequent 

regain on pre-competition performance in an elite boxer. 

Importantly, our findings suggest that this boxer was able to re-

establish lower-body neuromuscular performance when RWL of 

7.9% body mass over the final week before weigh-in (6.2% body 

mass in the preceding 24 h) was followed by a 36 h rehydration 

and refeeding strategy. These findings are made all the more 

significant considering the level of the participant. As punch 

performance depends upon force generation in the lower-body 

(Lenetsky et al., 2020; Loturco et al., 2016; Stanley et al., 2018), 

these findings have important implications for elite boxers 

undertaking RWL.  

Despite weighing-in at the competition limit of 154 lb (69.9 

kg), the boxer averaged 78.2 kg over camp, entered the ring at 

79.4 kg, and displayed normalised performance scores exceeding 

those from the limited data on high-performance boxers. The 

boxer’s absolute IMTP performance appears at least equal to that 

of an elite Australian super-middleweight (competition limit of 

168 lb or 76.2 kg), reported previously (Halperin et al., 2016), 

who recorded values of ~3170, or 40 N·kg-1 (mean of the best two 

attempts), seven weeks pre-competition (when 80 kg). These 

values fall within the 95% CI calculated in the present study and 

are comparable to our boxer’s baseline scores of 3186 ± 66 (3116 

to 3247 N, or 39 to 41 N·kg-1) five weeks before competition, 

despite him competing two weight-classes below. Similarly, his 

normalised scores greatly exceed those recorded in 

national/international-level amateurs (34 ± 4 kg-1) (Dunn, 

Humberstone, Franchini, Iredale, & Blazevich, 2022). Regarding 

the boxer’s lower-body power, his mean (40.2 ± 2.2 cm) and best 

(43.5 ± 2.2 cm at four weeks, ranging from 41–45.1 cm over three 

attempts) CMJ performance throughout camp  also compare 

favourably with those from Halperin’s case study (~40 cm), as 

well as the Brazilian national amateur squad (Loturco et al., 2016). 

Loturco and colleagues reported descriptively lower CMJ values 

of 37 ± 5 cm, although they reported peak (rather than average) 

jump heights, which were calculated from flight time—a method 

known to provide a significant overestimate (Wade, Lichtwark, & 

Farris, 2020). Whilst strong and powerful for his weight, the RWL 

phase allowed the boxer to compete in an even lower category to 

maximise his physiological advantages.  

Despite demonstrating impressive levels of strength and 

power, neuromuscular performance appeared to decline at the end 

of the initial training block. Most jump metrics and absolute peak 

IMPT force declined below the 95% CI by week 6 (Table 1). 

Taken alongside the fact that descriptive declines (40 to 38 N·kg-

1, or -4.3%) in normalised IMTP performance were maintained 

within the 95% CI (38–42 N·kg-1) it is likely that observed 

performance changes reflect the effects of weight-making, and the 

cumulative physiological stress associated with training with 

insufficient energy availability (Garthe, Raastad, Refsnes, 

Koivisto, & Sundgot-Borgen, 2011). 

The current findings support previous research reporting 

inconsistent effects from hypohydration on maximal strength and 

power (Judelson et al., 2007; Montain et al., 1998; Pallarés et al., 

2016; Savoie, Kenefick, Ely, Cheuvront, & Goulet, 2015; 

Schoffstall, Branch, Leutholtz, & Swain, 2001). Lower body 

isometric strength and jump performance can withstand as much 

as 4.8 ± 0.4% body mass reduction (Judelson et al., 2007), while 

combat athletes classified as moderately hypohydrated at weigh-

in (urine osmolarity 701–1080 mOsm·kg-1) showed no 

improvement in any metric of strength or power in bench press, 

CMJ or grip-strength tests following rehydration of 1.2 ± 0.2% 
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body mass (Pallarés et al., 2016). Furthermore, it is likely boxers 

familiar with RWL have a high tolerance for hypohydration, with 

even club-level amateurs being observed to withstand fluid losses 

of 4% body mass without affecting punch force during simulated 

bouts (Smith et al., 2001; Smith, Dyson, Hale, Harrison, & 

McManus, 2000). Whilst the boxer in the current study suffered 

greater acute fluid losses (6.2% body mass), he then regained 

almost twice the weight lost before competing, suggesting a 

meaningful improvement in hydration status (Figure 2). However, 

it must be acknowledged that body mass variation represents an 

indirect and imprecise measure of hydration (Barley, Chapman, 

& Abbiss, 2020), likely influenced by sizeable contributions from 

glycogen replenishment and gut weight (Reale et al., 2017a, 

2018a). Importantly, however, it is well established that 

hypohydration is more detrimental to endurance compared to 

neuromuscular performance (Kasper et al., 2019; Montain et al., 

1998), while the studies of Smith et al. focused on amateurs 

competing over 11 min, as opposed to the 39 min undertaken by 

the boxer in the current study. Future research is required to assess 

the effects of large magnitudes of RWL and rehydration on 

endurance and boxing-specific performance. 

The current findings may serve to highlight appropriate indices 

for monitoring performance throughout RWL. For example, whilst 

measures of force and impulse remained stable mid-way through 

the boxer’s hypohydration protocol (D-2, following the loss of 2.5 

kg fluids, or 3.3% body-mass), significant improvements were 

observed (somewhat counterintuitively) for CMJ and SJ jump 

heights, as well as for measures of peak velocity and power (Figure 

2). Personal bests (PBs) were recorded for the heights and peak 

velocities of both jumps, as well as for both absolute and normalised 

peak CMJ power, and normalised SJ power (Table 1; Figure 2). 

These outcomes were maintained even on the morning of the 

weigh-in, with only absolute CMJ and SJ impulse values 

deteriorating below the 95% CI (Figure 2). Before competition, 

impulse values for CMJ and SJ then recovered and exceeded 

established 95% CIs, respectively. Such findings are likely 

explained by considering the technical and load-bearing nature of 

jumping. Body mass reductions from RWL will have reduced the 

work the boxer was required to perform against gravity, explaining 

observed improvements in velocity-based metrics (Savoie et al., 

2015). This phenomenon is more commonly observed in well 

trained athletes, who may be better able to tolerate the negative 

impacts of hypohydration (Savoie et al., 2015). It is also possible 

that utilizing jump height as a discrete performance outcome may 

be insensitive to subtle changes in neuromuscular function, with 

athletes potentially able to preserve performance via compensatory 

technical changes (Kennedy & Drake, 2017; Spencer et al., 2023). 

In contrast to jump heights and power metrics, impulse was 

sensitive to RWL and recovery (Figure 2). This measure is 

particularly important, with impulse being mathematically 

equivalent to a change in momentum and therefore a commonly 

used measure of performance in punching (Lenetsky, Nates, 

Brughelli, & Schoustra, 2016; Stanley et al., 2018), and explosive 

movements such as throwing (Bartonietz, 1996; Lenetsky et al., 

2020; Zaras et al., 2014). Impairments may have been related to 

neuromuscular deficits from hypohydration, which originate from 

electrolyte losses disrupting electrochemical gradients, 

subsequently impairing membrane conductivity, calcium 

metabolism and motor-unit recruitment (Uddin, Tallent, & 

Patterson, 2022a). However, it is likely that reductions in CMJ/SJ 

impulse were predominantly mediated by changes in total mass, 

with net impulse unaffected in either jump (Table 1). Similarly, 

no reductions in either total, or net propulsive forces were 

observed throughout in response to RWL. It would therefore 

appear that RWL had little effect on neuromuscular indices of 

jump performance, although monitoring impulse may provide a 

measure of absolute force application, which is sensitive to RWL. 

Observed changes in hormonal markers do not immediately 

suggest any utility for monitoring the effects of RWL (Table 2). In 

contrast to previous observations that declines in sIgA indicate 

physiological stress and a potential impairment of immune function 

(Turner et al., 2021; Uchino et al., 2024), the boxer’s salivary levels 

descriptively increased from baseline over RWL, peaking before 

weigh-in. It is likely that the extreme levels of hypohydration 

observed reduced saliva flow-rates to increase relative 

concentrations of this marker (Fortes, Diment, Di Felice, & Walsh, 

2012). Furthermore, whilst the observation that peak cortisol 

concentrations were recorded immediately before competition 

supports observations of this marker being sensitive to pre-

competition arousal (Filaire, Sagnol, Ferrand, Maso, & Lac, 2001; 

van Paridon, Timmis, Nevison, & Bristow, 2017) this measure was 

not sensitive to the stresses imposed by RWL (Table 2).  

The current study is unique in reporting the performance 

impacts of RWL in situ, before elite, international competition 

and can inform practitioners and researchers in formulating and 

monitoring RWL strategies. However, findings must be 

contextualised alongside several important limitations; not least 

of which is the lack of generalisability of a study on a single 

participant. No measures of punch performance, or endurance 

were taken, while the urinary measures of hydration analysed may 

be unreliable in the face of large, acute changes in fluid intake 

(Maughan & Shirreffs, 2010). For example, despite the 13.6% 

increase in body mass over 36 h recovery and rehydration, urine 

osmolarity and specific gravity did not decline to levels typical of 

adequate hydration—commonly taken as osmolarity 500–700 

mOsm/kg, or specific gravity < 1.02 (Maughan & Shirreffs, 2010; 

Table 2). Furthermore, whilst energy and macronutrient intake 

throughout RWL were closely monitored in person, the accuracy 

of dietary monitoring throughout camp is uncertain, considering 

the propensity of athletes with weight-loss targets to underreport  

(Ferraris et al., 2019). Accordingly, this study focused on the 

principal research question of the effect of RWL on physiological 

parameters over the final week’s build-up to competition. Perhaps 

most importantly for the boxer’s safety, no evidence was obtained 

on the boxer’s reaction time or cognitive function following RWL 

(Uddin, Waldron, Patterson, Winter, & Tallent, 2022b), which 

likely influence boxers’ abilities to defend themselves (Clark & 

Sirois, 2020; Teramoto, Cross, Cushman, & Willick, 2018; Uddin 

et al., 2022b). The effects of RWL and subsequent recovery on 

endurance performance, punch performance and cognitive 

function remain to be explored. Finally, since no training load data 

was collected, it is plausible that training volume and intensity 

influenced the reported outcomes. The initial reductions in jump 

performance during the weight cut could have been a result of 

overreaching following 6 weeks of intense training with limited 

energy availability (Garthe, Raastad, Refsnes, Koivisto, & 

Sundgot-Borgen, 2011), with the subsequent recovery in these 

variables likely reflecting a reduction in training volume and the 

compensatory phase of recovery. 
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Conclusion 

The current evidence indicates that 36 h was sufficient time to 

restore lower-body muscle function when RWL was followed 

with a dietary strategy comprising of a high carbohydrate diet and 

rehydration with high sodium solutions. Future research assessing 

endurance and boxing specific performance is required.  
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 Sport specialisation has been defined as the intense involvement in a single sport to the 

exclusion of all other sports. Previous research has raised questions about potential negative 

consequences of specialising at a young age. The purpose of this study was to examine 

differences in drop jump and y-balance performance in junior football players based on level 

of specialisation. This was a cross-sectional observational study involving 35 male footballers 

aged 10.2 ± 1.1 years. Participants were grouped as high, moderate, and low specialised. 

Level of specialisation was determined using a survey on their sports participation history. 

Tests included anterior Y-balance test and drop jumps assessed using the Landing Error 

Scoring System (LESS). Between-group differences were analysed using one-way analysis of 

variance and chi-squared analysis with an a priori statistical significance level of p ≤ 0.05. 

Hedge’s g effect sizes were reported for all results. High specialised players displayed greater 

left leg relative reach than moderate (mean diff = 10.9% LL; 95% CI [2.2, 19.6]; p = 0.013; 

Hedge’s g = 0.78) but not low (mean diff = 5.0% LL; 95% CI [-4.0, 14.1]; p = 0.218; Hedge’s 

g = 0.39) specialised players. No other significant differences were observed in Y-balance 

performance. High specialised players displayed fewer LESS errors than moderate (mean diff 

= 2.75 errors; 95% CI [0.05, 5.48]; p = 0.009; Hedge’s g = -0.90), but not low (mean diff = 

2.20 errors; 95% CI [-5.05, 0.65]; p = 0.101; Hedge’s g = -0.57) specialised players. ‘Knee 

flexion displacement’ was the only LESS criterion that differed significantly between groups, 

with errors more common in moderately specialised players (n = 9) than both high (n = 0) 

and low (n = 5) specialised players (p = 0.003). These results suggest early specialised junior 

football players may perform better in the drop jump and y-balance tests than their less 

specialised counterparts. Results suggest all players may benefit from participation in injury 

prevention programmes such as the FIFA 11+, in particular moderately specialised players. 

Keywords:  

Sport specialisation 

Youth  

Soccer 

LESS 

 

 

1. Introduction  

Sport specialisation has been defined as focused, intentional 

training, year-round, in a single sport (Bell et al., 2021). High rates 

of specialisation have been consistently reported in young athletes 

across a number of sports (Bell et al., 2016; Post et al., 2017a; Post 

et al., 2017b; Zoellner et al., 2022). Proposed reasons for this include 

a desire to increase chances of future selection, scholarships and 

opportunities to play professionally (Normand et al., 2017; Post et 

al., 2019). However, a number of studies indicate that in most sports, 

athletes do not need to specialise at a young age in order to achieve 

elite-level performance later in life (Kliethermes et al., 2020; Murata 

et al., 2022). More so, delayed specialisation has been reported as 

more common in adult elite-level performers, compared to their 

sub-elite counterparts (Hornig et al., 2016; Kliethermes et al., 2020).  

While some level of specialisation is needed to reach elite 

and/or professional levels, ‘early’ sport specialisation has been 

associated with negative long-term outcomes for youth athletes, 

including burnout, dropout, and increased risk of injury (Beese et 

al., 2015; Brenner, 2007; Jayanthi et al., 2015; Wall & Côté, 2007). 

Various published international consensus statements have 

discouraged early specialisation (Bergeron et al., 2015; DiFiori et 
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al., 2014; LaPrade et al., 2016), but no agreement has been 

reached on the appropriate age for specialisation, and indeed what 

constitutes ‘early’. Current evidence suggests that specialisation 

should be delayed until after physical maturation or late 

adolescence (Jayanthi et al., 2019; LaPrade et al., 2016). Later 

specialisation promotes exposure to the varied movement and 

coordination demands needed for young athletes to optimise skill 

learning (Côté, et al., 2009). Additionally, pre-puberty is the 

optimal time to learn fundamental, broad motor skills to maximise 

future potential due to increased neural plasticity (Myer et al., 

2011). Thus, delaying specialisation is advised to allow more time 

for young athletes to develop enhanced competence in a broad 

range of movement skills (Jayanthi et al., 2019; Myer et al., 2015). 

In adolescence, young athletes also undergo rapid growth with 

alterations in neuromuscular control (Beese et al., 2015; DiCesare 

et al., 2019; DiStefano et al., 2018; Miller et al., 2017). These 

developmental periods heighten injury risk (van der Sluis et al., 

2014), especially if combined with increases in training load and 

intensity often associated with early specialisation (Brenner & 

Council On Sports Medicine and Fitness, 2016).  

Exposure to varied movements, and being able to respond to a 

variety of situational demands, is vital in preparing young athletes for 

future sports performance (Côté et al., 2009). Recent research 

indicates that following injury and return to sport, football athletes 

develop movement strategies that allow them to achieve the same 

outcomes as non-injured players, despite their physical limitations 

(Hart et al., 2019). Movement strategies will emerge under 

constraints from different tasks and environments, thus exposure to a 

greater variety may allow athletes to develop a wider range of 

movement solutions (Côté & Hancock, 2014; Rudd et al., 2020). 

When specialising in a single sport, there is a potential reduction in 

the number of constraints young athletes are exposed to. Specifically, 

football players favour kicking with their preferred leg, which results 

in increased stability in the support leg (Atkins et al., 2016). Jump-

landing performance may also be enhanced on the non-preferred leg 

(Read et al., 2018a; Read et al., 2018b), leading to imbalances in force 

transfer, muscle activation, and motor control (Atkins et al., 2016; 

Read et al., 2016). However, more studies are needed to elucidate the 

relationship between early specialisation and movement 

development, and to examine if movement strategies emerge that 

may predispose these young athletes to a heightened risk of injury.  

Due to the importance of the pre-pubertal period on the 

development of diverse movement strategies (Myer et al., 2013), 

more research is required to ensure youth are benefiting from 

positive development experiences. Additionally, given the high 

proportion of youth players specialising ‘early’ in football, and 

the potential for this to impact on movement skill development, 

the aim of this study was to investigate if differences exist in the 

performance of drop jumps (DJ) and Y-balance tests of pre-

pubertal football players based on their level of specialisation. 

Considering existing research, we hypothesised that highly 

specialised players would demonstrate poorer outcomes than 

those who were low specialised. 

2. Methods 

This cross-sectional study included two movement tests and a 

survey of current and past sport participation. Institutional ethical 

approval was granted prior to recruitment and data collection. All 

participants provided written informed assent, and their parents or 

caregivers gave informed consent. The movement tests included 

the Y-balance anterior reach distance (absolute and relative to leg 

length) and DJ assessed using the Landing Error Scoring System 

(LESS) due to their known associations with injury risk youth 

populations (Padua et al., 2009; Plisky et al., 2006; Read et al., 

2020). Testing took place in the evenings, during normal training 

times, with participants performing their normal training warmup 

prior to testing. As participants were in the same teams, it could 

reasonably be assumed that they performed the same warmup. At 

each session, the tests were explained to the participants, and they 

were given time to familiarise themselves to ensure they 

completed the task as instructed. Familiarisation involved 

participants practising each test at least four times to minimise 

variation due to any learning effect (Munro & Herrington, 2011). 

1.1. Participants 

Thirty-five boys aged 10.2 ± 1.1 years (height: 140.7 ± 8.7 cm; 

body mass: 36.6 ± 8.6 kg) volunteered to take part. Participants 

were recruited from a football academy in Auckland, New 

Zealand (NZ) during the competitive season. Participants were 

required to be at least 1-year pre-peak height velocity (PHV), and 

currently free from injury, to minimise maturational and/or injury 

effects on movement. Additionally, all participants were less than 

12 years of age, the most commonly reported chronological age-

based threshold for defining early specialisation (Mosher et al., 

2020). Limb preference for players was 46% right, 6% left, 48% 

not reported. A male-only sample was selected to eliminate any 

differences in movement based on gender, given that differences 

in knee valgus control during jump landings have been evidenced 

at all maturational levels (Holden et al., 2019). 

The sample for this study was drawn from a broader planned 

project, with recruitment governed primarily by feasibility. While 

an a priori power analysis was conducted during the early stages 

of the wider research program, subsequent changes to the study 

design and analytic focus rendered it no longer applicable. 

Nonetheless, a sensitivity analysis (via pwr; Champely, 2020) was 

performed to determine the smallest effect size that the study was 

adequately powered to detect. This was based on the primary 

statistical models being built, given the total sample size of 35, an 

alpha error rate of 0.05, and 80% power. This analysis indicated 

that the study was powered to detect Cohen’s f  ≥ 0.55 (eta-

squared ≥ 0.23), which corresponds to a threshold of a medium to 

large effect according to conventional benchmarks (Cohen, 1992). 

Accordingly, readers are encouraged to interpret the results in 

consideration of the reported effect sizes and confidence intervals 

as indicators of magnitude and precision of the observed effects. 

1.2. Procedure 

1.2.1. Maturity assessment 

Maturation offsets were calculated using a validated somatic equation 

(Mirwald et al., 2002). All estimates were based on measures of 

standing and sitting heights, body mass, and leg length (measured 

whilst standing in anatomical position, from the anterior superior iliac 

spine to the medial malleolus) (Miller et al., 2017). This data was 

used for inclusion/exclusion only, not for any analyses. 



Zoellner et al. / The Journal of Sport and Exercise Science, Journal Vol. 9, Issue 2, 30-39 (2025) 

JSES | https://doi.org/10.36905/jses.2025.02.04   32 

1.2.2. Level of specialisation 

Sport history questionnaires (Supplementary Material A) were used 

to determine the current level of specialisation, and which sports boys 

participated in, at each age since they began football. Questionnaires 

were completed with the help of a parent and were used to determine 

how long participants had been specialised (Moesch et al., 2011). The 

level of specialisation was determined based on their answers to four 

questions: (1) Is football more important than any other sport?; (2) 

Do you train more than 8 months of the year in football?; (3) Have 

you quit other sports to focus on football?; and (4) Have you only 

ever played football?’ Players who answered ‘yes’ to three questions 

were classified as highly specialised. Those who answered ‘yes’ to 

two questions were classified as moderately specialised, and ‘yes’ to 

one or fewer were classified as low specialised. Classification of 

players was determined after data collection to ensure researchers 

were blinded to the level of specialisation during testing. 

1.2.3. Movement tests 

Y-Balance tests were performed on a custom-made Y-balance test 

kit consisting of a small wooden box with three poles attached in a ‘y’ 

shape. A block was placed on each pole that could easily slide along 

the pole to indicate reach distance. Participants adopted a single-leg 

stance on the box in the middle with their toes behind a line, and their 

hands on their hips. They were then instructed to push the block along 

the pole as far as possible while maintaining balance, without putting 

weight on the block or placing their foot on the ground. When 

participants had pushed the block as far as possible, they returned 

their foot to the centre without touching down. If any of these 

instructions were not adhered to, participants were asked to repeat 

that trial. The reach distance was recorded from the box to the back 

of the block. Only the anterior reach was tested for logistical reasons, 

and due to its stronger associations with injury risk compared to the 

posterior medial and lateral directions (Plisky et al., 2006). Limb 

order was randomised, with three trials on each leg. Absolute anterior 

reach distances were compared, as well as reach distance relative to 

leg length (%LL). Reach asymmetry was also calculated, as the 

percentage difference between legs ([absolute difference between 

legs ÷ greatest reach distance] × 100). 

Drop jumps were performed from a 30cm box with a cross on 

the floor at a distance half the participant’s standing height. 

Instructions were to drop down, land on the cross with both feet, and 

perform a vertical jump for maximum height while minimising 

ground contact time.  

Frontal and sagittal plane video (25 frames per second; HDR-

CX130, Sony, NY, USA) was recorded (3 m from the front and side 

of the cross on the floor at a height of 1 m). Cameras were set to 

record in portrait orientation. Three trials were completed by each 

participant. Jump-landings were rated using the 17-item scoring 

system developed by Padua et al. (2015) (Table 1).  

Table 1: Landing Error Scoring System criteria. 

Time point Criterion Rating 

Initial contact Knee flexion more than 30° 
0 = Yes 

1 = No 

 Hips are flexed 
0 = Yes 

1 = No 

 Trunk is in front of hips 
0 = Yes 

1 = No 

 Ankle plantar flexion: lands toe to heel 
0 = Yes 

1 = No 

 Knee valgus: patella is not medial to midfoot 
0 = Yes 

1 = No 

 No lateral trunk flexion 
0 = Yes 

1 = No 

 Stance width  
0 = Feet shoulder width apart 

1 = Feet wider than shoulder width or narrower than shoulder width 

 Feet land symmetrically 
0 = Yes 

1 = No 

Between initial contact and 

maximum knee flexion 
Foot rotation 

0 = Feet not internally or externally rotated more than 30° 

1 = Feet internally or externally rotated more than 30° 

 Knees flex 45° or more 
0 = Yes 

1 = No 

 Hip flexion increases  
0 = Yes 

1 = No 

 Trunk flexion increases  
0 = Yes 

1 = No 

Point of maximum medial 

knee displacement 

Midpoint of patella does not move medial to 

midfoot 

0 = Yes 

1 = No 

Overall 
Amount of trunk, hip, and knee joint 

displacement throughout 

0 = Large (soft landing) 

1 = Some (average landing) 

2 = Very little (stiff landing) 

 

Overall impression of softness of landing 

and frontal- and transverse-plane 

movement 

0 = Excellent (soft, no frontal or transverse plane motion) 

1 = Average 

2 = Poor (stiff and/or large frontal- or transverse-plane motion) 
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Individuals were given a score that equated to a count of errors 

displayed during the trial. A lower score indicated fewer errors and 

thus better technique. Videos were rated independently by two 

individuals who were experienced in movement analysis and 

blinded to the specialisation classification of participants. Intra-

rater reliability was assessed using a different data set (ICC = 0.92). 

Videos were viewed in freely available analysis software (Kinovea 

v0.9.3), paused at the time point of interest (e.g., initial contact) and 

replayed as many times as necessary to be confident of the score. 

One score was given based on the three trials. An error was counted 

if it was displayed in two or more of the trials. Scores were 

compared between raters and any differences were discussed. 

Videos were then reviewed until a consensus was reached. 

Jump-landing competence was classified based on previous 

research (Beese et al., 2015; Padua et al., 2009), as ‘excellent’ (0-

3 errors), ‘good’ (4-5 errors), ‘moderate’ (6 errors), or ‘poor’ (≥ 7 

errors). DJ data for some participants were excluded due to 

technical issues. Participant numbers included in each group for 

each analysis are reported in the relevant tables. 

1.3. Statistical approach 

Mean, standard deviations (SD) and 95% confidence intervals (95% 

CI) are reported for continuous data. A significance level of p ≤ 0.05 

was set a priori and used throughout. Statistical analysis was carried 

out using R statistical software (R Core Team). One-way analysis 

of variance (ANOVA) was used to analyse between-group (high, 

moderate, low) differences in Y-balance and total Landing Error 

Scoring System (LESS) scores. Normality and homogeneity of 

variance were checked to ensure assumptions were met. Tukey 

post-hoc analyses were conducted where appropriate to compare 

each pair of groups, and outcomes were presented as mean 

difference and 95% CI. Effect sizes (ES) were calculated from 

estimated means from the post-hoc analyses, and corresponding 

standard errors, reported as Hedge’s g, and classified as ‘small’ (> 

0.20), ‘medium’ (> 0.50), or ‘large’ (> 0.80) (Cohen, 1988). The 

frequency of individual errors in the LESS between groups was 

analysed for each criterion using chi-squared analysis. Due to the 

number of comparisons used to compare the individual errors of the 

LESS, a Bonferroni correction was used (0.05/17), resulting in an 

alpha level of p ≤ 0.003 for the chi-squared results.  

2. Results 

Descriptive statistics are presented in Table 2. Participants were 

grouped as ‘high’ (n = 11), ‘moderate’ (n = 13), and ‘low’ (n = 11) 

specialised. There were no significant differences in age (p = 

0.329), height (p = 0.208), body mass (p = 0.140), or maturation 

offset (p = 0.116) among groups. The high group had been 

specialised for an average of 2.0 ± 1.2 years, and the moderate and 

low specialised groups participated in an average of 2.4 ±1.4 and 

2.1 ± 0.8 sports, respectively.  

 

Table 2: Summary descriptive data (mean ± SD [95% CI]). 

 Low specialised Moderately specialised High specialised p Hedge’s g 

Age (years) 10.2 ± 1.2 [9.5, 10.9] 10.5 ± 1.1 [9.9, 11.2] 9.8 ± 1.0 [9.2, 10.5] 0.329 -0.16 

Height (m) 1.40 ± 9.3 [1.35, 1.45] 1.45 ± 7.2 [1.41, 1.49] 1.40 ± 6.9 [1.35, 1.45] 0.208 -0.37 

Body mass (kg) 33.1 ± 5.7 [28.0, 38.2] 40.0 ± 9.7 [35.3, 44.7] 36.0 ± 8.7 [30.9, 41.1] 0.140 -0.49 

Maturation offset (years) -2.6 ± 0.8 [-3.1, -2.2] -2.1 ± 0.7 [-2.5, -1.6] -2.6 ± 0.7 [-3.1, -2.2] 0.116 -0.44 

Years in football 5.0 ± 1.6 [4.1, 5.9] 6.2 ± 1.6 [5.4, 7.1] 5.1 ± 1.2 [4.2, 6.0] 0.079 -0.52 

 

There were no significant differences in the left (p = 0.268) or 

right (p = 0.656) absolute reach distances during the Y-balance 

test (Table 3). There was a significant difference in relative reach 

distance on the left leg (p = 0.015). Post-hoc analysis showed 

significantly greater left relative reach in the highly specialised 

group compared to the moderately specialised group (mean diff = 

10.9% LL; 95% CI [2.2, 19.6]; p = 0.013; ES = 0.78), but not the 

low specialised group (mean diff = 5.0% LL; 95% CI [-4.0, 14.1]; 

p = 0.218; ES = 0.39). There was also a significantly greater 

relative reach on the left leg in low, compared to moderate 

specialised groups (mean diff = 5.8% LL; 95% CI [0.56, 11.1]; p 

= 0.032; ES = 0.66). Right leg relative reach (p = 0.105), absolute 

(p = 0.597), and percentage (p = 0.462) asymmetry were not 

significantly different between groups. 

 

Table 3: Between-group comparisons of Y-balance test and LESS total score performance (mean ± SD [95% CI]). 

 Low specialised Moderately specialised High specialised p Hedge’s g 

Absolute reach right (cm) 53.1 ± 4.4 [49.7, 56.6] 53.4 ± 5.5 [50.2, 56.6] 55.1 ± 6.5 [51.7, 58.6] 0.656 -0.03 

Absolute reach left (cm) 54.0 ± 3.9 [50.5, 57.4] 51.9 ± 5.5 [48.7, 55.1] 55.7 ± 7.6 [52.2–59.2] 0.268 0.22 

Relative reach right (%LL) 73.2 ± 7.4 [67.7, 78.8] 70.5 ± 7.9 [65.4, 75.6] 78.6 ± 11.4 [73.0, 84.1] 0.105 0.18 

Relative reach left (%LL) 74.5 ± 4.7 [69.2, 79.8] 69.2 ± 7.2 [63.8, 73.5] 79.6 ± 12.4 [74.3, 84.9] 0.015* 0.40 

Absolute asymmetry (cm) 3.38 ± 1.8 [2.21, 4.56] 2.79 ± 2.1 [1.71, 3.87] 2.58 ± 1.9 [1.40–3.76] 0.597 0.18 

Percent asymmetry (%) 6.48 ± 3.6 [4.29, 8.67] 5.24 ± 3.9 [3.22, 7.25] 4.60 ± 3.1 [2.42, 6.79] 0.462 0.21 

LESS total score  7.20 ± 3.1 [5.58, 8.82] 7.75 ± 2.1 [6.27, 9.23] 5.00 ± 2.3 [3.29, 6.71] 0.051 -0.13 

Note: *significant difference between the three groups (p ≤ 0.05), %LL = percentage leg length. 
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There was a trend towards a significant difference in total 

LESS score between groups (p = 0.051) (Table 3). Post-hoc 

analysis showed fewer errors in the highly specialised group, 

compared to the moderately (mean diff = 2.75 errors; 95% CI 

[0.05, 5.48]; p = 0.009; ES = -0.90), but not the low specialised 

group (mean diff = 2.20 errors; 95% CI [-0.65, 5.05]; p = 0.101; 

ES = -0.57). There was no significant difference between the 

moderately and low specialised groups (mean diff = 0.55 errors; 

95% CI [-2.11, 3.21]; p = 0.625; ES = -0.15). The highest 

frequency of poor LESS classification was recorded in the 

moderate specialisation group, and the lowest in those who were 

in the high specialised group. The greatest frequency of excellent 

and good scores were also recorded in high specialised players 

(Table 4), indicating this group displayed greater competence in 

the DJ task.  

 

Table 4: Categorisation of LESS performance by specialisation level. 

 Low specialised (n = 10) Moderately specialised (n = 12) High specialised (n = 9) 

Excellent (0–3 errors) 1 0 2 

Good (4–5 errors) 3 2 4 

Moderate (6 errors) 1 0 1 

Poor (≥ 7) 5 10 2 

 

Counts of individual errors between groups did not indicate 

any significant differences for most criteria (Table 5). A 

significant difference between groups was only found for ‘knee 

flexion displacement’. Significantly fewer high specialised 

players (n = 0) received an error for knee flexion displacement 

(indicating they exhibited a greater range of knee flexion 

throughout their landing), than in the moderate (n = 9) or low 

specialised (n = 5) groups (p = 0.003).  

 

Table 5: Counts of errors scored in individual LESS criteria by specialisation level (n and %). 

 
Low specialised 

(n = 10) 

Moderate specialised 

(n = 12) 

High specialised 

(n = 9) 
X2 p 

Knee flexion initial contact 2 (20%) 2 (17%) 2 (22%) 0.11 0.949 

Hip flexion initial contact 0 (0%) 0 (0%) 0 (0%) 0.45 0.798 

Trunk flexion initial contact 5 (50%) 5 (42%) 2 (22%) 1.61 0.447 

Ankle plantar flexion initial contact 1 (10%) 0 (0%) 0 (0%) 2.17 0.338 

Medial knee position initial contact 2 (20%) 1 (8%) 2 (22%) 0.90 0.639 

Lateral trunk flexion initial contact 3 (30%) 5 (42%) 3 (33%) 0.35 0.840 

Stance width wide 0 (0%) 0 (0%) 0 (0%) 0.45 0.798 

Stance width narrow 5 (50%) 6 (50%) 4 (44%) 0.08 0.961 

Foot position external rotation 3 (30%) 4 (33%) 2 (22%) 0.31 0.854 

Foot position internal rotation 1 (10%) 1 (8%) 0 (0%) 0.90 0.638 

Symmetric initial contact 4 (40%) 4 (33%) 1 (11%) 2.01 0.351 

Knee flexion displacement 5 (50%) 9 (75%) 0 (0%) 11.82 0.003* 

Hip flexion displacement 2 (20%) 2 (17%) 0 (0%) 1.93 0.381 

Trunk flexion displacement 6 (60%) 7 (58%) 4 (44%) 0.56 0.756 

Medial knee displacement 7 (70%) 8 (67%) 6 (67%) 0.03 0.983 

Joint displacement (stiff) 4 (40%) 8 (67%) 1 (11%) 6.69 0.153 

Overall impression (poor) 4 (40%) 8 (67%) 2 (22%) 4.26 0.119 

Note: *significant difference (p ≤ 0.003), X2 = Chi-squared. 

 

3. Discussion 

The aim of this study was to investigate if differences exist in the 

performance of DJ and Y-balance tests in pre-pubertal football 

players based on their level of specialisation. Given that the most 

commonly reported age cut-off for ‘early’ specialisation is 12 

years (LaPrade et al., 2016), all highly specialised players in this 

study would be classified as ‘early specialised’. Improved jump-

landing strategies were observed in those who were highly 

specialised, with most players graded as ‘excellent’ or ‘good’. 
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Highly specialised players also displayed landing strategies 

associated with reduced injury risk and better Y-balance left leg 

normalised reach distances. Cumulatively, these findings could 

suggest that pre-pubertal players who are highly specialised, 

develop improved jump-landing mechanics and enhanced 

dynamic stability.  

The Y-balance test is an indicator of dynamic balance and 

active mobility (Plisky et al., 2009; Read et al., 2020). Anterior 

reach asymmetries have previously been associated with an 

increased risk of lower limb injury (Plisky et al., 2006; Smith, et 

al., 2015). Relative reach distance is often used in preference to 

absolute distance due to variations in limb length between players. 

In this study, the highly specialised players demonstrated better 

relative reach on the left leg than the moderately specialised 

players. Additionally, while not statistically significant, based on 

the estimated difference and 95% CI (mean diff = 8.1%; 95% CI 

[-1.0, 17.1]), it is more likely than not that they also had better 

relative reach on the right leg. These results are contrary to 

previous evidence in older-aged, specialised youth, where no 

differences in reach distance based on level of specialisation were 

found (Miller et al., 2017). These participants were likely post-

PHV, while the participants in our study were all pre-PHV, which 

may explain the difference in results (Read et al., 2020). Age- and 

maturation-related improvements in balance and postural control 

are expected in active youths (Nolan, et al., 2005; Read et al., 

2020). In our younger (pre-PHV, early specialised) players, 

increased exposure to activities requiring single-leg balance (such 

as kicking a ball) may have led to earlier adaptation and stability 

in unilateral activities, and thus improved performance in those 

who were highly specialised, however more research is needed to 

confirm this. Although there were no significant differences in 

anterior reach asymmetry between groups, the estimated 

asymmetries for all groups have the potential to exceed 4cm. This 

is worthy of note given an asymmetry of 4cm or higher in the 

anterior direction has previously been associated with an 

increased risk of lower limb injuries in football players, and thus 

should be considered in designing training programmes to reduce 

these between-limb differences (Plisky et al., 2006; Smith, et al., 

2015).  

Previous research has shown an increased risk of ACL injury 

in youth football players displaying inferior landing mechanics 

characterised by a higher LESS score (Padua et al., 2015). 

Contrary to previous research in specialised youth athletes (Beese 

et al., 2015; DiStefano et al., 2018), the results of our study 

suggest highly specialised junior (pre-PHV) football players 

exhibit fewer errors when performing a drop jump landing than 

moderately specialised players. Additionally, our findings also 

suggest the highly specialised players had fewer errors than the 

low specialised players, but these differences were not statistically 

significant (mean diff = 2.20; 95% CI [-0.65, 5.05]). Previous 

research has shown either more errors in youth who were highly 

specialised (DiStefano et al., 2018), or no difference between 

groups of varying specialisation status (Beese et al., 2015; 

Peckham et al., 2018). Conflicting findings could be a result of 

the younger, less mature participants in our study, compared with 

those in many of the existing studies, who were mostly post-

pubertal in their mid- to late-teens (Beese et al., 2015; Peckham 

et al., 2018). Differences in landing mechanics have previously 

been observed in athletes at different chronological ages and 

levels of maturation (Read, et al., 2018a; Read, et al., 2018b). 

Additional confounding factors could include differences in 

exposure to quality coaching and/or injury prevention 

programmes at different levels of specialisation. 

Most football coaching in NZ at a junior (under 13) club level 

is conducted on a volunteer basis, meaning the quality of coaching 

is likely variable, with little or no formal coach training. In 

contrast, most if not all academy coaches have undergone some 

level of coaching qualification. Thus, typically, only when players 

join academies, or play at higher levels, are they exposed to 

coaches who may have more experience and qualifications. Thus, 

many of the young footballers in the current study may have spent 

considerable time playing football without specific coaching on 

movement and skill development from a qualified professional. It 

has previously been suggested that highly specialised players may 

have better access to quality coaching, potentially greater parental 

support, and drive to join training academies (McGowan, et al., 

2020). This may explain why the highly specialised players 

performed better in the drop jump task. All participants in the 

current study were pre-PHV; however, the increased volume of 

structured training may have led to a synergistic adaptation in 

utilising the potent stimulus provided by training in players whose 

neural plasticity is heightened (Read et al., 2021). Muscle pre-

activation and reflex control enhance with maturation, but it can 

also be improved through greater exposure to plyometric training 

(Read et al., 2021). Given the young age of this cohort, and the 

relatively short time the high specialised group has focused 

specifically on football, the benefit of higher-level coaching may 

emerge quickly (Lloyd et al., 2014; Myer et al., 2013) while the 

potential negative impacts of specialisation (e.g., repeated 

movement patterns leading to overuse) may take longer to emerge. 

It would be interesting to observe this cohort longitudinally to 

examine how movement competence develops throughout 

adolescence in a high specialisation sporting pathway.  

The poor jump-landing mechanics exhibited by a high 

percentage of both moderately (83%) and low (50%) specialised 

players are of concern due to the potential for increased risk of 

injury. This suggests a greater focus on foundation movement 

patterns is warranted in this younger age group. Previous research 

has shown that jump-landing mechanics in pre-pubertal youth are 

inferior to those post-puberty, in part due to increased strength 

development and muscle pre-activation in post-pubertal boys 

(Read, et al., 2018a). Additionally, poorer landing mechanics 

have been observed in youths with no structured strength and 

plyometric-training programmes (Noyes et al., 2005). Thus, the 

moderate and low specialised groups may not be receiving 

consistent enough training stimuli. While the incidence of injury 

in pre-PHV cohorts is low, the greater neural plasticity should be 

considered, and training programmes commencing pre-puberty 

should be encouraged to take advantage of this with scope to 

optimise movement strategies later in adolescence where injury 

risk is higher. This also highlights the importance of the uptake of 

injury prevention programmes in community-level football (with 

limited qualified coaches), where many youth football players are 

getting the majority of their football exposures. Programs like the 

FIFA11+ have shown promising results in these environments as 

well as in higher-level programs (Gomes Neto et al., 2017). Injury 

prevention has been a focus for NZ Football over recent years 

(New Zealand Football, 2016), which, anecdotally, has led to 

increased use of FIFA11+. However, there may be a need for 

more education of community-level coaches to increase 
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adherence, which is critical to optimise effectiveness and to 

ensure all players are benefitting from these programmes.  

When evaluating the individual criteria in the LESS (Table 5), 

the main group differences were observed in ‘knee flexion 

displacement’ (i.e., the change in knee flexion angle between 

initial contact and maximum knee flexion). This error (i.e., 

reduced knee flexion) was more commonly seen in the moderate 

(75%) and low specialised groups (50%), compared to the high 

specialised group (0%). There was also a trend for moderate and 

low specialised players to record errors in ‘joint displacement 

(stiff)’. Stiffer landings are associated with decreased leg extensor 

strength, and lower muscle pre-activation prior to ground contact, 

resulting in reduced ability to attenuate ground reaction forces on 

landing (Cormie, et al., 2010; Read, et al., 2018b). It is plausible 

that the highly specialised players represent the better athletes 

who may have joined academies earlier due to their superior 

physical ability. Regardless, using a stiff landing strategy will 

result in larger ground reaction forces, and players displaying 

these jump strategies may be at an increased risk of injury (Pedley 

et al., 2020). Targeted strength and conditioning programmes 

focused on plyometric skills, and maturation-appropriate strength 

training considering the individual’s training age and technical 

competency, could be beneficial.  

The high frequency of ‘poor’ LESS scores in the moderately 

specialised group was unexpected. While it is beyond the scope 

of this study to provide mechanistic insights to explain this finding, 

it could be that the moderately specialised players were in the 

early stages of a specialised pathway, playing a high volume of 

football, all year-round, but still playing another sport. Competing 

in two sports can result in a high overall training load and time 

commitment, as well as the potential for inconsistencies in 

training stimuli. Players will also have decreased time available 

for unstructured free play, and this has previously been reported 

as an important contributing factor for the development of 

movement competence in a diverse range of skills and tasks 

(Barreiro & Howard, 2017; Bergeron et al., 2015).  

A strength of this study is that we assessed players who were 

considered ‘early’ specialisers, involving children under the age 

of 12 (> 1 year pre-PHV). Most existing studies have investigated 

the effects of sport specialisation in participants during their mid- 

to late-teens, with only some including assessment or control of 

maturation. Including younger, pre-pubertal players allowed for 

the examination of potential differences that are occurring as 

players begin to specialise, minimising the effects of growth and 

maturation on movement skill. It is common in existing research 

to investigate sport specialisation across a range of sports 

(McGuine et al., 2017; Miller et al., 2017; Peckham et al., 2018); 

however, the effects of specialisation are likely sport-specific. It 

may be more relevant to investigate individual sports, which we 

consider an additional strength of this study. The main limitations 

of this study are the cross-sectional design and relatively small 

sample size. We observed some significant differences based on 

the level of specialisation, but the absence of longitudinal data 

means any causation cannot be established. Additionally, the lack 

of female participants limits the generalisability of the findings. 

Further limitations include the reliance on self- and parent-

reported sport participation to rate levels of specialisation, 

potentially introducing recall bias the lack of data on potential 

confounding factors (training load and exposure to injury 

prevention programmes), and the lack of kinetic data to give 

mechanistic insight into LESS data. Additionally, while we have 

inferred some potential associations with increased injury risk 

based on movement strategies displayed, more research is needed 

to prospectively monitor sport specialisation and injuries 

concurrently. 

The results of this study suggest early specialised youth 

football players may be more competent movers than their less 

specialised counterparts pre-puberty. Contrary to existing 

evidence, the boys that were highly specialised displayed superior 

movement patterns during a drop jump task and better relative 

anterior reach during the Y-balance test. However, given the 

number of results that showed no significant difference, it could 

be argued that there is no disadvantage to being involved in 

multiple sports at a young age. Results suggest all players may 

benefit from participation in injury prevention programmes such 

as the FIFA 11+, in particular moderately specialised players. 
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 It is unclear whether referee decisions contribute to home advantage in football. This 

ambiguity stems from significant advancements in the development and training of officials, 

methodological limitations, such as the use of regression models to provide estimates, in 

extant research, and team behaviours. Thus, there may appear to be a bias when there is 

none. This study aimed to establish whether referees contribute to home advantage in elite 

football. Decisions (N = 4,201) from 172 games from the English Premier League 2022/23 

season were analysed by 43 qualified football referees, with two officials allocated to each 

fixture. The referees independently assessed free-kicks, yellow cards, red cards, penalty 

kicks, and non-whistled penalty kicks given by the on-field official using clips from 

WyScout. Decisions were recorded as ‘correct’ or ‘incorrect’ in unanimous cases, or 

‘disputed’ if the two officials did not agree. Data from the free-kick and yellow card 

categories were considered suitable for analysis and compared using a series of linear 

mixed-effects models. There were no significant differences found between home and away 

teams for correct, disputed, and incorrect decisions, showing that neither team were 

differentially favoured by the referee, and therefore their decisions could not contribute to 

home advantage. Findings support the efficacy of referee development and the territoriality 

model’s explanation of home advantage in professional football. 

Keywords:  
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Decision-making 

Social bias 

Crowd influence 
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1. Introduction  

The home advantage is a universal phenomenon in sports, with no 

organised sporting contest showing greater success for teams and 

individuals in away venues compared to home venues (Allen & 

Jones, 2014; Gómez-Ruan & Pollard, 2021). Paradoxically, while 

research investigating home advantage has significantly increased 

over the previous three decades (Prieto, 2022), the exact 

contribution to home advantage of various factors remains, as 

Pollard (2008) previously exclaimed, an ‘unsolved puzzle’. In 

football (i.e., soccer), this ambiguity lies in the numerous possible 

antecedents to home advantage, such as tactical approaches of 

home and away teams (Fernandez-Navarro et al., 2018; Gollan et 

al., 2020; Lago-Peñas & Lago-Ballestaros, 2011), biological and 

physical effects of playing at home (Aquino et al., 2017; Teixeira 

et al., 2021), and satisfaction with different game outcomes 

(Staufenbiel et al., 2015). These variables are evident in models 

that attempt to explain home advantage.  

The territoriality model (Neave & Wolfson, 2003) states that 

home advantage is a result of physiological and behavioural 

responses regarding the protection of territory. For example, 

players exhibit increased testosterone levels before home games 

in ice hockey (Carré et al., 2006), football (Neave & Wolfson, 

2003), rugby (Terry et al., 1998), and field hockey (Bray et al., 

2002). Additionally, a long-term study of home advantage found 

that football teams Bastia and Ajaccio, who both play on the 

island of Corsica, were two of only three French teams who 

reported a home advantage of over 70%, while Sicilian teams 
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Catania and Palermo, had the highest home advantage value in the 

Italian league (Pollard & Gómez, 2009). The cultural traditions on 

both islands that promote unity and resistance to mainland identity 

contribute to the notion of territoriality, with these qualities 

identified as the cause of enhanced home advantage reported by 

those teams (Pollard & Gómez, 2009). While the alternative 

‘classical model’ (Allen & Jones, 2014) postulates factors related 

to territoriality (e.g., home support, familiarity with venue and 

travel fatigue of the opposition) contribute to home advantage, it 

also identifies officiating as a factor, a contention supported 

elsewhere (e.g., Bilalić et al., 2024; Courneya & Carron; 1992). 

As the role of officials is to provide impartial and fair judgements 

(Russell et al., 2019; Webb, 2022), this purpose combined with 

the increased financial implications of a team’s success or failure 

(Jamieson, 2010) and potential impact of success and failure on 

supporter well-being (Dohmen & Sauermann, 2016), establishing 

if and how they contribute to home advantage is worthwhile.  

Football is the sport that reports the highest value of home 

advantage (Jamieson, 2010), and therefore analysis of officiating 

decisions in this sport is justified to ascertain whether, and how, 

game location influences referees’ actions. A systematic review 

of referee bias identified five factors that contribute to inaccurate 

decision-making in football referees: stake size, crowd size and 

composition, crowd proximity, material rewards, and referee-

specific effects (e.g., age and experience; Dohmen & Sauermann, 

2016). Twenty-seven studies were reviewed with bias being 

manifested in time allowed (e.g., increased stoppage time), goals 

awarded, penalty kicks awarded, and/or disciplinary sanctions. 

For example, Dohmen (2008) reported that, when controlling for 

disciplinary actions and substitutions, events that typically 

increase the amount of time added on, officials added an average 

of 22 more seconds when the goal differential was one. This 

finding was attributed by Dohmen and Sauermann (2016) to the 

impact of social pressures (e.g., the desire to be seen as impartial), 

as similar studies reported a greater effect when it was the home 

team that was losing by a one-goal margin (see Rickman & Witt, 

2008; Scoppa, 2008), thus supporting the classical model’s 

identification of the official as an antecedent to home advantage.  

This support extends beyond time played, with referees in the 

English Premier League being reported to have a significant effect 

on the number of goals home teams scored, the number of goals the 

away team scored, penalising away team players with more yellow 

and red cards than home team players and being significantly more 

likely to award penalties to the home team than the visitors (Boyko 

et al., 2007). While other studies support these findings, such as 

legitimate penalties being more likely awarded to the home team 

than the away team (Sutter & Kocher, 2004), caution is advised 

when attributing home advantage to refereeing decisions. 

The first reason to exercise caution when considering the 

impact of officials on home advantage is evidence to the contrary 

found in extant literature. For example, Adie et al. (2022a) report 

no bias towards the home team in cricket regarding leg-before-

wicket (LBW) decisions, while similar studies refute the impact 

of the referee on home advantage found in football. Dohmen and 

Sauermann’s review, for instance, did not include Riedl et al.’s 

(2015) investigation into injury time and home advantage. This 

analysis of archival data from the German Bundesliga between 

2000 and 2011 found that while referees did allow more injury 

time when either team was trailing by a goal, even after 

accounting for alternative explanations for increased injury time 

(e.g., disciplinary sanctions, substitutions, etc.), this was the same 

for both teams and did not significantly affect goals scored. 

Consequently, while officials may have demonstrated a 

systematic bias towards avoiding narrow victories, this bias did 

not influence home advantage. Further, some studies that were 

included have questionable conclusions. For example, the 

findings of Boyko et al. (2007) that support the classical model 

were attributable to one official who accounted for the apparent 

home advantage as, once their data was removed, no effect was 

found (see Strauss et al., 2009, for a discussion). Therefore, 

individual differences such as experience may mediate the impact 

of game location on officiating performance, a conclusion 

supported elsewhere (Page & Page, 2010).  

A second reason to question the officials’ role in home 

advantage is technological and training advances, that have been 

identified as a significant cause of reduced home advantage in 

professional football over the previous century (Nevill et al., 2013; 

Webb et al., 2018). Technological developments, such as the 

introduction of microphones in 2006 that allow officials to 

communicate throughout the match, may help insulate elite 

officials from crowd influence by reducing conformity (see Asch, 

1955). The introduction of video assistant referees (VAR) in 2018, 

has been reported to have enhanced the decision-making accuracy 

of officials from 92.1% to 98.3% (Spitz et al., 2021). However, 

while VAR has been reported as reducing home team bias 

(Gasparetto et al., 2023), investigation of the initial, on-field 

decision is recommended due to the time taken for VAR 

intervention and to develop the traditionally ‘practice poor’ 

environment of professional officiating (Spitz et al., 2021). 

Additionally, a contemporary assessment of elite officials’ 

decision-making is warranted to evaluate whether initial, ‘on-field’ 

decision-making accuracy has been helped or hindered by 

technological support, with previous research indicating an error 

rate of 6.9% within this population (Hossner et al., 2019).    

Furthermore, the development of strategies to enhance 

decision-making borne from experience and/or training may have 

helped elite officials insulate themselves from external factors 

such as game location. For example, gaze behaviours of elite 

football referees are associated with higher search rates of shorter 

durations than sub-elite officials (van Biemen et al., 2022). 

Consequently, adaptive strategies may explain why elite officials 

are not influenced by game location, with social pressure reported 

as not influencing red cards shown in the English Premier League 

(Reilly & Witt, 2013). Ergo, the development of technology, 

coupled with the improved training of football referees (see Webb, 

2017; 2022) may explain a decrease in home advantage value 

found in European football (Nevill et al., 2022; Pollard & Gómez, 

2009; Webb et al., 2018). Therefore, assessing the extent of 

officials’ contribution to home advantage may indicate the 

success of such developments. 

Determining whether and, if so, to what extent officials 

contribute to home advantage is challenging considering 

methodological limitations present in extant studies, giving the 

impression of referee bias when there may be none. For example, 

to calculate expected goals for home and away teams, Boyko et al. 

(2007) used a regression model, which Dohmen and Sauermann 

(2016) claimed is less effective than assessing whether decisions 

are correct or not. This method was also applied to conclude that 

away team players are more likely to be shown a yellow card than 

home players, with a regression model estimating the number of 
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free kicks and cautions (Picazo-Tadeo et al., 2017). While such 

research is welcome, previous research has identified that football 

teams adopt different strategies depending on game location, such 

as home teams’ greater use of offensive players due to increased 

dissatisfaction with a tied score at half-time, higher ball possession, 

and implementation of proactive (e.g., attacking) strategies (Carron 

et al., 2005; Collet, 2013; Lago-Peñas et al., 2017; Staufenbiel et al., 

2015). Such strategies may result in away teams being more likely 

to concede fouls leading to disciplinary sanctions, such as free kicks, 

yellow cards, and penalties, and therefore there is a need to consider 

whether officials’ decisions are correct or not. The failure to assess 

decision correctness constitutes a methodological limitation of 

studies analysing descriptive statistics to conclude game location 

promotes referee bias (e.g., home teams receive fewer yellow cards 

when spectators are present; Pettersson-Lidbom & Priks, 2010), as 

well as studies that claim there is no referee bias when crowds are 

absent (e.g., no difference in number of cards between home and 

away teams; Sors et al., 2021). To address this methodological gap 

in extant research there is a need for an analysis of football referee’s 

decisions by assessing their correctness. 

Analysing the correctness of decisions to determine whether 

previously held assumptions of bias were accurate has been 

accomplished in other sports. Adie et al. (2022b) concluded that 

while lower-order batters in elite cricket, that are not expected to be 

as competent as higher-order batters, were more likely to be judged 

as LBW by the umpire, this was not due to expectation bias (where 

decisions are influenced by irrelevant criteria such as previous 

outcomes or order of performance; see Plessner, 1999), but to 

correctness. In short, lower order batters are more likely to be given 

LBW because they are actually out LBW. Although this study 

provides a justification for assessing correctness of decisions before 

assuming the presence of social or other bias in sports officials, 

LBW decisions are both reactive and objectively verifiable (e.g., 

the umpire decides whether the ball hit the bat first after the incident) 

and predictive (e.g., judging whether the ball have gone on to hit 

the stumps). While decisions made by football officials are mostly 

reactive (e.g., determining whether a foul was committed), there are 

also occasions when officials switch from a rule-based approach to 

a proactive ‘game management’ approach (see Raab et al., 2020). 

This method compromises accuracy for adequacy, reflecting game 

conventions (e.g., what the game ‘expects’) and promoting the flow 

of the contest (see Harper, 2022; Mascarenhas et al., 2002; 

Unkelbach & Memmert, 2008), but may also promote sensitivity to 

external influences (Plessner & Betsch, 2001; Praschinger et al., 

2011). Additionally, many decisions made are ambiguous in that 

they not objectively verifiable (e.g., assessing whether a foul was 

careless, reckless, or used excessive force).  

Research into correctness of decision within sports that require 

the official to make reactive decisions that are not objectively 

verifiable, while limited, have shown no support for the classical 

model. For instance, Corrigan et al. (2019) assessed correctness of 

decisions made by Australian Football League (AFL) officials, with 

no evidence that decisions were influenced by game location. 

However, game location has been found to influence ambiguous 

decisions in favour of the home team in football, particularly 

regarding punitive action (e.g., yellow cards shown; Cohen et al., 

2024). However, this study used fans and not referees to assess 

decisions and therefore, given the importance of experience in 

officiating performance, assessing correctness of decisions in 

football officials should be made via consensus among referees who 

are familiar with the laws of the game and conventions of the sport. 

This approach is justified to determine the influence of game 

location as, if there is no difference in correctness of decision 

between home and away teams, increased win percentages at home 

are attributable to player and coach behaviour. 

This study sought to meet two objectives. First, to determine 

whether decisions made by elite football referees in England are 

influenced by match location by ascertaining if the home team 

received more errors in their favour than the away team, and if the 

away team received less correct calls in their favour. Second, if 

any difference is found, to determine how any influence is 

manifested by assessing decisions in categories that have been 

identified as significant for officiating performance. It was 

hypothesised that, due to the experience of the officials operating 

in top tier football, enhanced training methods and the 

introduction of technology, previously identified as causes for a 

decrease in home advantage in football (see Webb et al., 2018), 

no bias would be found regarding decision-making accuracy 

between home and away teams. 

2. Methods 

2.1. Participants and procedure 

Ethical approval was granted by the lead author’s university. To 

assess correctness of decisions the research team agreed that a 

panel of officials should be used. This decision rejects the 

positivist perspective of truth, with a panel judging that what is 

accepted as truth, is the truth. Further, it reflects the pragmatist 

view of the researchers, in that to overcome the methodological 

limitations of existing studies assessing the referee’s role in home 

advantage, correctness of decisions would need to be considered 

(see Giacobbi et al., 2005). Forty-two qualified football referees 

were recruited (Mage = 33.7 years; SD = 11.54). Thirty-five 

participants were from Great Britain and Ireland, six from North 

America (United States of America and Canada) and one from 

Latvia (although a practicing official in England). Participants 

were recruited via email invitations to relevant agents (e.g., 

Referee Development Officers, Referee Associations) and adverts 

placed on social media. Participants were also given the 

opportunity to attend an online information session regarding the 

aims of the study and what participation would require. 

Participants had to be over 18 years of age and a qualified football 

referee (Myears’ experience = 10.5 years, SD = 9.85). While 

classification systems across nations makes calibrating officiating 

level difficult (see Webb et al., 2021), referees ranged from Level 

7 (local level) to Level 1 (professional) in the UK (M Level = 4.91, 

SD = 1.53) and reported both ‘regional’ and ‘national’ levels in 

the United States and Canada. None of the officials were current 

or previous English Premier League officials and a breakdown of 

officiating classification can be found in Table 1. Officials were 

informed that the aim of study was to evaluate correctness of 

refereeing decisions, but not that decisions between home and 

away teams would be compared, and that they would be asked to 

view video clips from an English Premier League fixture every 

week for the duration of the season to assess correctness. Video 

clips were uploaded to a designated folder for each participant, 

which also contained a tutorial video for officials to view, 

providing guidance on how to access their clips and record their 
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assessments. The tutorial video was constructed by the authors of 

the study to ensure a consistent data collection approach across all 

referees and all games and contained information to assist 

participants completing their task (e.g., when clips would be 

uploaded to their folder, how to complete the decision assessment 

sheet, who to contact should they have any questions etc).1  

 

Table 1: Classification of participants’ officiating level.  

Number 

of 

officials 

M ± SD 

experience 

(years)  

Officiating level 

1 25 
1 (Referees on English Premier 

League, English Football League) 

1 10 
2 (Referees on National League, 

Step 1 and/or Step 2 of NLS) 

1 12 3 (Referees on Steps 3 & 4 of NLS) 

10 9.13 ± 6.45 4 (Referees on Steps 5 & 6 of NLS) 

11 13.43 ± 14.84 
5 (Referees on Step 7 of the NLS & 

Senior County football) 

4 5 ± 4.36 
6 (Referees on County League 

Football) 

6 2.25 ± 1.25 
7 (Referees on County League 

Football) 

6 18.33 ± 10.50 Regional (USA/Canada) 

2 7.50 ± 3.54 National (USA/Canada) 

Note: Classification descriptions taken from The Football 

Association (The Football Association, 2025); Level 1 participant 

for this study operated in the English Football League. NLS = 

National League System. 

 

Following recruitment, every fixture from the 2022/23 English 

Premier League was assigned to four officials at random. Four 

officials were chosen per game in anticipation that some officials 

would either withdraw from the study or fail to record their 

assessment of the allocated game. Consequently, each game had 

two ‘primary referees’, whose decisions would be used for 

analysis, and two ‘back up’ officials, to be used if the primary 

officials did not complete their assessment. At the conclusion of 

each game week, video clips of actions involving the referee were 

taken from WyScout (Chiavari, Italy) and uploaded to that game’s 

allocated officials’ folder.  

WyScout clips are uniformed in time per incident (10 second 

of footage before and after event), with cumulative length of clips 

dependent on the number of incidents in each game). Further, 

inter-operator reliability of clips collated by WyScout is 0.70, 

considered good agreement between operators (Pappalardo et al., 

2019; Viera & Garrett, 2005). Video clips involved foul decisions 

 
1Tutorial video available upon request by contacting the corresponding author. 

given, yellow cards given, red cards given, penalty kicks awarded, 

and penalty kicks not awarded (definitions of these events are 

taken from the International Football Association Board’s Laws of 

the Game, and can be found in the Wyscout 

Glossary: https://dataglossary.wyscout.com). These referee 

actions are justified for investigation regarding officials’ 

contribution to home advantage based on previous studies 

applying these criteria without accounting for correctness (e.g., 

Dohmen & Sauermann, 2016; Goumas, 2014; Sors et al., 2021). 

None of the clips included any slow-motion features, meaning that 

participants were unable to adjust the playback speed of the 

footage as reviewing clips in slow motion has been shown to 

influence assessment of decisions (Pizzera et al., 2022). Clips 

included some contextual information (e.g., teams playing, time, 

and score), as this has been reported to increased decision-making 

accuracy over the use of randomised clips provided without 

context, possibly due to qualified officials understanding the 

importance of game management (Raab et al., 2020; Samuel et al., 

2019). All clips were viewed from a camera perspective of an 

elevated position level with the halfway line, a position that 

reports significantly improved accuracy of decision-making 

assessment when compared to other perspectives (e.g., coaches’ 

viewpoint from pitch side; Pizzera et al., 2022). Although 

assessment of decisions via the referee’s perspective may have 

improved ecological validity, this was not a viable option as, at 

time of writing, officials were prohibited from wearing recording 

equipment (The Football Association, 2024). 

Officials were asked to complete a spreadsheet, also located in 

their folder, per game where they were required to: (a) record the 

names of the teams competing, (b) select what the decision was (e.g., 

free kick, yellow card, penalty) by using a drop-down box, (c) state 

whether they agreed or disagreed with the on-field referee’s 

decision for each event shown, and (d) at their own discretion, make 

notes should they wish to add any further information for each 

decision. For example, referees could state whether they felt a 

yellow or red card should, or should not, have been administered 

following a free kick. Only the on-field referee’s decision was 

assessed. If a decision was made that resulted in VAR intervention, 

then the result of this intervention was not assessed. This was due 

to the VAR officials not being present in the stadium and, therefore, 

any decision cannot be attributed to crowd presence, noise, or 

proximity, previously identified as factors contributing to home 

team bias in referees (Dohman & Sauermann, 2016), and the 

importance of assessing the original decision to minimise VAR 

intervention (Spitz et al., 2021). 

In anticipation of participant withdrawal or incomplete 

samples due to time commitment (5 of the original 42 participants 

withdrew from the study throughout the season), two primary 

officials were assigned to each game, with another two assigned 

in reserve should one or both primary referees fail to complete 

their allocated game. As the video clips evaluated by the 

participants are subjective decisions, correctness was determined 

by having agreement from both referees appointed to each match. 

Use of panels consisting of qualified officials to evaluate 

decisions have previously been used to evaluate on-field referee 

decisions (e.g., Nevill et al., 2017) and so for a decision to be 

considered correct or incorrect, both referees had to agree. 



Carrington et al. / The Journal of Sport and Exercise Science, Journal Vol. 9, Issue 2, 40-50 (2025) 

JSES | https://doi.org/10.36905/jses.2025.02.05   44 

However, for this study, the subjective nature of the laws of 

football (see Bordner, 2019, for a discussion) was considered, 

with ‘disputed’ decisions recorded when no consensus between 

referees was reached. There was no temporal constraint on when 

participants could complete their review of the clips, however 

they were encouraged to do so as soon as possible to minimise 

outside influence (e.g., media analysis of on-field referee 

performance). 

Upon completion of the English Premier League season 

2022/23, footage from each game assessed by two officials was 

reviewed, and every on-field decision labelled as ‘against home 

team’ or ‘against away team’ by the lead researcher, with ‘against’ 

determined by which team conceded possession or received a card 

following the incident. The decisions were categorised as one of 

the following for both home and away teams: correct foul given 

against; correct yellow for; correct red for; correct penalty for; 

correct ‘un-whistled’ penalty for; disputed foul given against; 

disputed yellow given for; disputed red given for; disputed 

penalty given for; disputed ‘un-whistled’ penalty given for; 

missed yellow for; missed red for; error foul against; error yellow 

for; error red for; error penalty for; error ‘un-whistled’ penalty for. 

Spreadsheets submitted for each game were compared and 

decisions classified as ‘correct’, ‘disputed’ or ‘erroneous’. 

2.2. Data analysis 

Decisions from 172 games, representing 45% of the English 

Premier League 2022/23 season, were assessed in their entirety by 

two officials, resulting in a total of 4,237 decisions reviewed for 

correctness. Thirty-six decisions were excluded from analysis due 

to participants reporting that either the on-field decision was not 

identifiable from the footage, or that their view of the incident was 

not clear, thus making assessment impossible. The removal of 

these incidents resulted in a final sample of 4,201 decisions 

analysed. The number of games evaluated from each team can be 

seen in Table 2. 

 

Table 2: Number of games analysed per team. 

Team 

Number of 

games 

assessed 

Team 

Number 

of 

games 

assessed 

Arsenal 15 Leicester City 16 

Aston Villa 16 Liverpool 16 

Bournemouth 23 Manchester City 17 

Brentford 11 Manchester United 15 

Brighton 21 Newcastle United 16 

Chelsea 19 Nottingham Forest 17 

Crystal Palace 14 Southampton 18 

Everton 17 Tottenham Hotspur 19 

Fulham 20 West Ham United 18 

Leeds United 17 Wolverhampton W. 14 

 

A validity check was performed to ensure that the sample was 

representative of the entire season. The sample consisted of 48% 

of home wins, 30% of away wins, and 22% of draws. This was 

deemed an accurate representation of the entire season, which 

reported 48% of matches as home wins, 29% as away wins, and 

23% as draws.  

Referee decision events were coded by type and were then 

coded for accuracy. Decision events included fouls (correct, 

incorrect, disputed, missed yellow), yellow cards (correct, 

incorrect, disputed), and red cards (correct, incorrect, disputed). 

A series of linear mixed effects models predicting decision event 

frequencies were conducted in R (Version 4.4.2) using the lme4 

package (Bates et al., 2015). Each mixed model included the team 

(Home v Away) as a fixed effect, and the referee as a random 

effect. We included the referee as a random effect to account for 

the unequal representation of the 19 referees assessed across 

matches, where some referees officiated more matches than others 

(the highest number of matches officiated by an observed referee 

was 13, whereas the lowest number of matches officiating by a 

referee was one). Degrees of freedom were calculated using a 

Satterthwaite approximation. Marginal and conditional R2 values 

were calculated as measures of effect size using the MuMin 

package (Bartoń, 2024). We did not compare red cards as only 9 

red cards were awarded in this dataset.  

3. Results 

3.1. Descriptive statistics 

A visual analysis of descriptive statistics (Table 3) indicated away 

teams committed more fouls than home teams (1,703 to 1,667 

respectively). Furthermore, away team players were shown more 

yellow cards than home team players (240 to 224), with these 

decisions being deemed correct. Away team players had more 

disputed fouls against them than home team players (90 to 74) and 

received more disputed yellow cards than home team players (16 

to 7). Home team players had more fouls awarded against them 

incorrectly than away team players (29 to 23), with both home and 

away team players receiving the same amount of incorrect yellow 

cards in the opinion of the officiating panel (3 each). The 

officiating panel believed that while both teams should have 

received more yellow cards, the number of ‘missed’ yellow cards 

benefitted the home team (33 to 21). If these yellow cards are 

included as incorrect decisions, then the officiating panel judged 

the on-field referees as getting 3,891 decisions correct and 117 

incorrect, meaning officials got 2.92% of decisions wrong. This 

does not include ‘disputed’ decisions, where the officiating panel 

could not agree whether the on-field judgement was correct or 

incorrect. If the disputed decisions are considered incorrect, this 

study reports an error rate of 7.38%, consistent with results 

reported elsewhere (Spitz et al., 2021). If half of the disputed 

decisions are considered incorrect, and the other half correct, then 

accuracy rate is 94.9%. 

Results showed that home teams were awarded 22 penalty 

kicks, with 14 penalty kicks awarded to away teams. Two of these 

decisions, favouring the home team, were disputed. Neither home 

nor away teams were awarded a penalty kick that the officiating 

panel felt was in error. Home teams were more likely than away 

teams to have appeals for penalty kicks turned down (12 to 4), while 
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Table 3: Descriptive statistics. 

Category of decision 

 Fouls against Yellow cards Red cards Penalty kicks 
Un-whistled 

penalty kicks 
Total 

 Home Away Home Away Home Away Home Away Home Away  

Correct 1667 1703 224 240 6 1 20 14 12 4 3891 

Disputed 74 90 7 16 1 0 2 0 2 1 193 

Incorrect 29 23 3 3 1 0 0 0 2 2 63 

‘Missed’   33 21 0 0     54 

Notes: Games N = 172; total decisions N = 4201; ‘Correct’ = officiating panel agreed with decision; ‘disputed’ = no consensus among 

officiating panel; ‘incorrect’ = officiating panel disagreed with decision.  

 

 

both home teams and away teams received two penalty kicks in 

error. Due to limited sample size, thus casting doubt over 

reliability of any subsequent analysis, penalty kick decisions and 

red card decisions (of which there were nine), were not included 

in further analysis. 

3.2. Awarded fouls 

In total, 3,586 fouls were awarded at an average of 20.85 (SD = 

5.20) fouls per match (Figure 1). On average, the home team 

reported 10.29 (SD = 3.51) fouls per match, while the away team 

reported an average of 10.56 (SD = 3.41) fouls per match, 

resulting in an average total foul differential score of -0.27 (SD = 

4.45). This equates to one additional foul awarded against the 

away team every 3.7 matches. A linear mixed effects model 

revealed that this difference was not significant, F(1, 324.21) = 

0.53, p = 0.468. The model explained <1% of the variance when 

considering the fixed effect of team alone (R2
M = .001) and 2.7% 

of the variance when considering both the fixed effect of team and 

the random effect of referee (R2
C = 0.027).  

 

 

Figure 1: Correct, disputed, and incorrect foul decisions per match 

average for home and away teams (2022/2023 Premier League 

season). 

 

A total of 52 fouls were rated as incorrect, at an average of 0.30 

(SD = 0.59) decisions per match. On average, the home team 

reported 0.17 (SD = 0.42) fouls incorrectly per match, while the 

away team reported an average of 0.13 (SD = 0.40) fouls incorrectly 

per match, resulting in an average incorrect foul differential score 

of 0.04 (SD = 0.57). This can be interpreted as 1 additional incorrect 

foul awarded against the away team every 25 matches. A linear 

mixed effects model revealed that this difference was not 

significant, F(1, 342) = 0.62, p = 0.433. The model explained <1% 

of the variance when considering both the fixed effect of team alone 

(R2
M = .002) and when considering both the fixed effect of team and 

the random effect of referee (R2
C = 0.002).  

A total of 164 fouls were coded as disputed, at an average of 

0.95 (SD = 1.13) decisions per match. On average, the home team 

reported 0.43 (SD = 0.71) disputed fouls, while the away team 

reported an average of 0.52 (SD = 0.80) disputed fouls, resulting 

in average disputed foul differential score of -0.09 (SD = 1.00). 

This can be interpreted as 1 additional disputed foul awarded 

against the away team every 11.11 matches. A linear mixed 

effects model revealed that this difference was not significant, F(1, 

342) = 1.30, p = 0.254. The model explained <1% of the variance 

when considering both the fixed effect of team alone (R2
M = 0.004) 

and when considering both the fixed effect of team and the 

random effect of referee (R2
C = 0.004).  

A total of 54 fouls were coded as missed yellow cards, at an 

average of 0.31 (SD = 0.64) missed yellow cards per match. On 

average, 0.19 (SD = 0.48) yellow cards were missed for home team, 

while an average of 0.12 (SD = 0.38) yellow cards were missed for 

the away team, resulting in an average missed yellow card 

differential score of 0.07 (SD = 0.58). This can be interpreted as 1 

additional missed yellow against the home team every 14.29 

matches. A linear mixed effects model revealed that this difference 

was not significant, F(1, 342) = -2.27, p = 0.133. The model 

explained <1% of the variance when considering both the fixed 

effect of team alone (R2
M = 0.007) and when considering both the 

fixed effect of team and the random effect of referee (R2
C = 0.007). 

3.3. Awarded yellow cards 

In total, 493 yellow cards were awarded at an average of 2.87 (SD 

= 1.68) yellow cards per match (Figure 2). On average, the home 

team received 1.36 (SD = 1.10) yellow cards per match, while the 

away team received an average of 1.51 (SD = 1.2) yellow cards 

per match, resulting in an average yellow card differential score 

of -0.15 (SD = 1.54). This can be interpreted as 1 additional 
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yellow card awarded against the away team every 6.67 matches.  

A linear mixed effects model revealed that this difference was not 

significant, F(1, 326.59) = 1.40, p = 0.238. The model explained 

<1% of the variance when considering the fixed effect of team 

alone (R2M = 0.004) and 2.4% of the variance when considering 

both the fixed effect of team and the random effect of referee 

(R2C = 0.024).  

 

 

Figure 2: Correct, disputed, and incorrect yellow card decisions 

per match average for home and away teams (2022/2023 Premier 

League season). 

 

A total of 6 yellow cards were coded as incorrect, at an average 

of 0.03 (SD = 0.21) incorrect yellow cards per match. We did not 

conduct further analyses regarding incorrect yellow cards, as both 

the home and away teams received three incorrect yellow cards 

each at an average of 0.02 (SD = 0.13) per match.  

A total of 23 yellow cards were coded as disputed, at an average 

of 0.13 (SD = 0.37) per match. On average, the home team received 

0.04 (SD = 0.23) disputed yellow cards per match, while the away 

team received an average of 0.09 (SD = 0.31) disputed yellow cards, 

resulting in a disputed yellow card differential score of -0.05 (SD = 

0.39). This can be interpreted as 1 additional disputed yellow card 

awarded against the away team every 20 matches. A linear mixed 

effects model revealed that this difference was not significant, F(1, 

322.7) = 3.39, p = 0.067. The model explained <1% of the variance 

when considering the fixed effect of team alone (R2
M = 0.009) and 

7.3% of the variance when considering both the fixed effect of team 

and the random effect of referee (R2
C = 0.073). This suggests that 

the individual referee is a better predictor of the number of disputed 

yellow cards in our dataset, however this should be interpreted with 

caution given the unequal number of games officiating by the 

individual referees as referees with fewer matches may have 

unreliable variance estimates. 

4. Discussion 

The study makes a unique and important contribution to solving 

the ‘unsolved puzzle’ (Pollard, 2008) of what is responsible for 

home advantage in elite football. Specifically, this is achieved by 

concluding that although away teams accumulate more fouls, 

yellow cards, and concede more penalty kicks, these decisions are 

correct. Furthermore, while approximately 3% of decisions in 

these categories are erroneous, there is no statistically significant 

difference in the data between home and away teams and, 

therefore, the errors are attributed to human error and not social 

bias. This conclusion is strengthened by the ecological validity of 

the sample, in that if half of the ‘disputed’ decisions are 

considered correct and the other half incorrect, the accuracy rate 

of 94.9% reflects the 95% of officials’ decision-making accuracy 

using the same criteria (e.g., fouls, yellow cards, penalty kicks) 

reported by the Premier League (Premier League, 2014).   

As findings were derived from real data with ‘correctness’ 

analysed, this study has addressed methodological limitations 

(e.g., predictive modelling) extant in previous studies (see 

Dohmen & Sauermann, 2016). In doing so, it has provided 

support for studies that suggest variance in officiating decisions 

between home and away teams is attributable to behavioural 

differences (e.g., proactive approach to games, increased 

dissatisfaction with not winning etc) between home and away 

teams, not match officials (see Carron et al., 2005; Collet, 2013; 

Lago-Peñas et al., 2017; Staufenbiel et al., 2015). The descriptive 

statistics (Table 3) further support the findings for these studies 

as, although the data sample was not large enough for statistical 

analysis, home teams received more correct penalties than away 

teams (12 to 4 respectively). In short, away teams foul more than 

home teams, an expected outcome when a more proactive and 

possession-based approach is typically taken by the home team 

and a more defensive strategy adopted by the away team 

(Fernandez-Navarro et al., 2018; Gollan et al., 2020; Lago-Peñas 

& Lago-Ballestaros, 2011). Ergo, the study supports the 

territoriality model (Neave & Wolfson, 2003) over the classical 

model (Allen & Jones, 2014), with a possible explanation for its 

results being elite officials’ ability to insulate themselves from the 

physiological and psychological mediators to performance found 

in the Home Advantage Mediation model (Bilalić et al., 2024).   

Although referees did occasionally favour the home side in 

ambiguous situations, this occurred rarely and was not significant, 

in contrast with the findings of Cohen et al. (2024). The difference 

equates to one disputed foul against the away team every 6.67 

matches, and one disputed yellow card against the away team 

every 12.5 matches, and therefore we found no support for the 

classical model. It is vital, however, to acknowledge that while 

data provides evidence to suggest that referees do not support the 

home team by erroneously awarding fouls & yellow cards against 

the away team, and that the study makes an important contribution 

to the literature by exploring differences in ‘disputed’ decisions, 

we did not assess whether there was bias in un-whistled fouls. 

That is, the dataset did not include decision events where the 

referee did not blow the whistle, and therefore it remains possible 

that referee bias may contribute to home advantage, but only in 

un-whistled fouls (e.g., potential ‘missed foul’ errors). This 

possibly warrants further exploration given previous evidence that 

more referee errors are made regarding action not taken, rather 

than sanctions given (Hossner et al., 2019).  

Further, the findings cannot suggest that previous attribution 

of home advantage to officiating decisions was erroneous. For 

example, several studies that have investigated home bias in 

referees were conducted prior to technological developments, 

such as microphones, as well as being close to, or prior to, the 

professionalisation of officials in football (e.g., Boyko et al., 2007; 

Courneya & Carron, 1992; Nevill et al., 2002). Thus, these 

findings support conclusions that enhanced training and 

development of elite officials has decreased their contribution to 
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home advantage (e.g., Nevill et al., 2013), not that it never existed. 

Therefore, the pattern of results in the present study may be 

explained by enhanced training and development of elite officials 

as suggested by Nevill et al. (2013). 

This study addressed methodological in extant studies 

investigating home advantage in sports, such as the use of 

predictive statistics, thus making a valuable and unique 

contribution to research on home advantage in elite football, with 

the use of clips provided with context promoting accuracy in 

assessment (Samuel et al., 2019). For example, participants noted 

that, in isolation, a transgression may not be worthy of a yellow 

card, but due to persistent offending was justified on that occasion. 

This afforded participants the opportunity to acknowledge 

‘adequate’ decisions based on game management, rather than the 

robust application of law (see Mascarenhas et al., 2022; Raab et 

al., 2020), promoting the ecological validity of results. However, 

it should be noted that the results analyse the aggregate of all 

decisions made which assumes that all decisions are equal. For 

example, an incorrect penalty decision is likely to have more 

impact on the result than an incorrect free kick or yellow card. 

Further, while participants assessed decisions with context, results 

were analysed without it. In other words, it is unknown whether 

officials made errors against the home team once the game was 

already won, a finding reported within basketball officiating to 

appease visiting teams without influencing the outcome 

(MacMahon & Mildenhall, 2012). the sequence of decisions was 

not considered. As approximately 70%-75% of games in the 

Premier League result in less than 3 goals being scored, scoring 

first increases the likelihood of winning to 78% (Anderson & 

Sally, 2014; Lago-Peñas et al., 2016), this may be a worthwhile 

avenue of future research.  

In addition to investigation of any temporal bias (e.g., 

favouring one team or another based on time played) towards the 

home team, future research regarding the impact of referees on 

home advantage should incorporate the use of VAR as a potential 

antecedent to bias. This study only assessed the on-field referee’s 

decision, whereas the increased potential for decision-making 

reinvestment and social pressure (Picazo-Tadeo et al., 2017) 

justifies this avenue of research. Regarding assessment, while one 

Level 1 official (UK) and two National level (USA/Canada) 

participated as assessors, this study predominantly used non-elite 

officials to assess decisions which may differ from the views of 

professional referees, with previous literature suggesting 

increased training and experience enhances officiating practice 

and decision-making assessment performance (see Carrington et 

al., 2022; Pizzera et al., 2022). Therefore, it is possible that the 

evaluators used in this study perceived an on-field error when 

there was none (or vice-versa). However, as officiating 

performance is not always evaluated via formulism (e.g., the 

robust application of law) but conventionalism (e.g., making 

decisions on what the game expects; see Harper, 2022; 

Mascarenhas et al., 2002; Plessner & Betsch, 2001; Simon, 2014) 

a range of officials may have provided a more accurate assessment 

of performance than would have been provided with elite officials 

alone. In fact, using non-experts to assess fouls is an approach 

encouraged in extant literature to establish criteria for 

comparative judgments (Christodoulou, 2024). Therefore, this 

study can be considered as proof of concept regarding its 

methodology to assess decision-making accuracy and referee bias, 

with replication using an expert sample, or to compare decision-

making evaluation across varied levels of officials, recommended 

as well as assessing reliability of the panel’s judgments prior to 

testing to establish consistency. 

A final consideration that may guide future studies is that 

previous research has suggested expectancy bias may influence 

officiating decisions in sports that require subjective and reactive 

decision-making. For example, figure skaters who competed later 

in the competition, where more accomplished athletes are placed, 

were scored higher than when they were judged earlier in the 

running order, when less accomplished skaters compete (Findlay 

& Ste-Marie, 2004). Additionally, biases in subjective officiating 

judgements have been influenced by memories of prior 

performance (Ste-Marie et al., 2001). While these studies 

involved closed activities (e.g., those performed in stable and 

consistent environments), extant research supports these 

conclusions in open activities (e.g., unpredictable and dynamic 

environments). For example, Jones et al. (2002) concluded that 

referees are more likely to penalise teams with yellow cards when 

informed of their aggressive reputation. Considering this evidence 

that subjective judgement may be influenced by previous actions 

and anticipation of future performance, it is possible that football 

officials are not influenced by game location, but by the team 

playing. For example, Constantinou et al. (2014) reported a bias 

in penalty kick decisions in favour of certain teams (e.g., 

Manchester United and Manchester City) but not others, 

regardless of game location. This conclusion is supported by 

Erikstad et al. (2020) who assessed correctness of penalty kick 

decision and reported a bias towards more successful teams. 

Therefore, future research may wish to explore whether certain 

teams, based on status (e.g., Manchester United), cultural identity 

(e.g., Athletic Bilbao), and geographical position (e.g., Cagliari in 

Sardinia), report differences in the metrics used in this study. 

Conclusion 

By assessing correctness of decisions, this study addressed a 

methodological limitation of extant research regarding referee bias 

in football, and results harvested from a large and representative 

sample found minimal evidence of home bias in the English 

Premier League. Consequently, the study provides support for the 

territoriality model to explain home advantage in sports, suggesting 

that crowd influence and game location is more likely to impact 

player and coach behaviour than elite officials. A possible 

explanation as to why officials were not influenced by game 

location is their resistance to the physiological and psychological 

influences found in the Home Advantage Mediation (HAM; Bilalić 

et al., 2024) model, therefore it is recommended that research focus 

on minimising errors in decision-making, such as the promotion of 

adaptive emotions to mediate stimulus response (see Kostrna & 

Tennenbaum, 2022) and promotion of support strategies to buttress 

referees’ well-being. Finally, given the importance of contextual 

information on decision-making accuracy, the use of frameworks 

that enhance accuracy of event perception (e.g., predictive 

processing, see O’Brien et al., 2023), may be fruitful for 

stakeholders in referee development.  
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 Sport participation has the potential to improve physical and psychological wellbeing for 

individuals and communities. Yet these benefits are not always realised equitably, 

particularly when activities do not reflect Indigenous values or cultural needs. This study 

sought to understand what motivates people to begin and continue participating in Kī-o-

Rahi, a traditional Māori sport deeply embedded in Māori cultural values. This rangahau 

(research) was grounded in Māori research principles and collaborative inquiry. For 

instance, the study’s central question was co-developed by Kī-o-Rahi organisers from 

across Te Waipounamu, Aotearoa (South Island, New Zealand). Thirteen players (7 women, 

6 men; 7 Māori, 6 New Zealand European/Pākehā) took part in three focus groups. Based 

on a reflexive thematic analysis, four interconnected motivational themes were developed. 

First, whakawhanaungatanga (relationship-building) was central. Second, participants 

described the importance of pride in te ao Māori (Māori worldview). Third, participants 

emphasised how wairua (spirituality) infused the sport with deeper meaning. Finally, 

participants appreciated how Kī-o-Rahi afforded a balance between competition and fun. 

Findings indicate that participants are motivated to play Kī-o-Rahi because it is a culturally 

grounded practice that fosters social cohesion and cultural affirmation. Future efforts to 

promote Kī-o-Rahi could therefore focus not only on its ability to enhance physical health 

but also its potential for facilitating social connections, cultural revitalisation, and a sense 

of community. 
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1. Introduction  

Sport participation is widely acknowledged for its benefits to 

physical and mental wellbeing (Bengtsson et al., 2025; Panza et 

al., 2020). However, most of the existing research has adopted a 

Western paradigm that often overlooks the relational, spiritual, 

and collective aspects central to Indigenous conceptions of 

wellbeing (e.g., Boudreau et al., 2025). Moreover, research 

exploring Indigenous sports (e.g., Kī-o-Rahi, waka ama) remains 

scarce (Campbell et al., 2024; Severinsen & Reweti, 2021). There 

has been international research on Indigenous games (e.g., Fabian 

& Giles, 2023; Thomsen et al., 2018), and research on Māori 

athletes participating in colonial sports (e.g., rugby; Arellano & 

Downey, 2019; Hinemoa et al., 2023). However, there is limited 

empirical research that explores how traditional Māori games may 

contribute to wellbeing. 

Originating in Aotearoa New Zealand and shaped by Māori 

cultural principles, Kī-o-Rahi is attracting growing interest (Smith 

& Smith, 2023). Kī-o-rahi is a ball sport played on a circular field 

that combines features of tag, handball, and rugby. It embodies 

principles of whakawhanaungatanga, wairua, and 

multigenerational engagement, acting as a living expression of 

Māori identity and cultural continuity. Considering that 

Indigenous wellbeing is deeply interconnected with culture, 
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community, and spirituality (McHugh et al., 2019), Indigenous 

scholars (e.g., Biles et al., 2024; Muriwai et al., 2023) have argued 

that research on sport and wellbeing should not be separated from 

cultural identity, ancestral connection, and social cohesion. The 

cultural relevance of Kī-o-Rahi underscores a gap in 

understanding how cultural, spiritual, and relational dimensions 

are lived within Aotearoa New Zealand’s distinctive sporting and 

cultural landscape. 

Furthermore, the lack of research on Indigenous sports and 

health-related outcomes that is inclusive of Māori epistemologies 

(Ka'ai-Mahuta, 2011) highlights the need for methodologies that 

privilege Indigenous voices, knowledge systems, cultural 

protocols, and wellbeing frameworks. In the context of Aotearoa 

New Zealand, Māori wellbeing models such as Te Whare Tapa 

Whā (Durie, 1998; Rochford, 2004) can provide a research 

framework that is culturally relevant. Te Whare Tapa Whā 

articulates a holistic model of wellbeing that integrates: wairua 

(spiritual), hinengaro (mental), tinana (physical), whenua (roots), 

and whānau (family) dimensions. In addition, Sport New Zealand 

ihi Aotearoa (2023), provides a sport-specific model, Te Whetū 

Rehua (The Guiding Star), which emphasises how a sport 

initiative can be more culturally responsive to Māori individuals. 

Te Whetū Rehua emphasises, for example, the importance of 

ensuring that sport activities take place in culturally significant 

physical spaces and that sport programs are delivered by Māori 

leadership in te reo Māori (the Indigenous language of Aotearoa). 

By employing a kaupapa Māori (Māori values-based) research 

framework, Māori participants can express, in their own voices, 

the potential meaning and significance of Kī-o-Rahi. This 

approach further challenges dominant Western models that often 

compartmentalise health and sport, proposing instead a holistic 

and culturally grounded space for supporting Indigenous Tino 

rangatiratanga (self-determination). Research on Kī-o-Rahi may 

highlight how this sport embeds Māori narratives and cultural 

protocols within the sport and, in the process, can serve as a 

powerful site for addressing health inequities, cultural resurgence, 

and intergenerational healing.  

Overall, despite growing recognition of the cultural, spiritual, 

and wellbeing benefits of Indigenous sport, there remains limited 

understanding of the specific factors that motivate Māori and non-

Māori participants to engage with Kī-o-Rahi. The current study 

addresses thematic and methodological research gaps by 

exploring motivations for participating in Kī-o-Rahi through 

principles of kaupapa Māori. 

2. Methods 

2.1. Procedures 

This rangahau (research) was grounded in principles of kaupapa 

Māori, whakawhanaungatanga (relationship-building), and 

collaborative inquiry, recognising the importance of relationships 

and community voice in shaping meaningful research. The 

research process began with a hui (meeting) involving Kī-o-Rahi 

organisers from across Te Waipounamu (South Island), where the 

kaupapa of the study was discussed collectively. From this shared 

kōrero (discussion), the overarching research question was co-

developed: What motivates participants to start and continue to 

play Kī-o-Rahi? 

Informed consent was obtained prior to data collection, where 

the study’s purpose, risks, and potential benefits were explained. 

To compensate participants for their time, the chance to be 

included in a draw for two gift cards was offered. Participants 

were invited to ask questions and reflect before signing written 

consent forms and filling out demographic information. Ethical 

approval was granted by Ara Institute’s Ethics Board (#APS1899). 

The process prioritised participant autonomy and upheld tikanga 

Māori (appropriate Māori protocols) throughout the research 

engagement. For instance, a mihimihi (the sharing of culturally 

significant aspects of oneself) took place at the start of each focus 

group. To guide kōrero during the focus groups, a series of open-

ended prompts were created, grounded in the themes raised during 

the initial hui. These prompts encouraged reflective and relational 

discussion, for example: (1) What about Kī-o-Rahi inspires you 

to play? (2) What initially motivated you to start playing Kī-o-

Rahi, and (3) how has your motivation changed over time?  

Focus groups took place during rest periods between games. 

Overall, three focus groups, lasting between 47 and 73 minutes, 

were held with 4–5 participants. The group format fostered 

collective meaning-making and shared storytelling, in alignment 

with kaupapa Māori research practices that value dialogue, 

relational knowledge, and co-construction of insights. 

2.2. Participants 

Participants were recruited during a regional community Kī-o-

Rahi tournament held in Ōtautahi Christchurch, Aotearoa New 

Zealand. This setting was intentionally chosen to honour the 

kaupapa of the sport and to meet participants in a context that was 

both meaningful and familiar. A total of 13 players (7 women, 6 

men) took part in the study. Seven identified as Māori and six as 

New Zealand European/Pākehā, with ages ranging from 18 to 54 

years (M = 33.6, SD = 14.1). 

2.3. Analysis 

The audio-recorded kōrero were transcribed verbatim and 

analysed using Braun and Clarke’s (2019) reflexive thematic 

analysis. This approach was chosen for its flexibility and 

alignment with kaupapa Māori-informed qualitative inquiry, 

allowing for rich, contextual interpretation of meaning across 

participant experiences. We adopted an inductive approach, 

allowing patterns and themes to be generated from the data rather 

than applying a predetermined coding framework. The analysis 

was recursive and iterative, involving repeated engagement with 

the transcripts to ensure depth and reflexivity. Familiarisation 

began with close, active reading of each transcript, noting early 

impressions and potential points of interest. From there, initial 

codes were generated to capture compelling features of the data, 

with attention to both semantic content and underlying meaning. 

Codes were gathered to form subthemes and overarching major 

themes. 

Rather than striving for code consistency or reliability across 

researchers, coding was understood as an interpretive act, shaped 

by the positionality of the researchers. We engaged in ongoing 

reflexivity throughout the process, recognising how our cultural 

standpoint, values, and relationships with the participants 

informed the development of meaning. Themes were developed 
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through an iterative process of grouping, refining, and deepening 

interpretive engagement with the coded data. Emphasis was 

placed on themes that not only recurred but also spoke powerfully 

to the research question and broader cultural context. NVivo 

(Version 15) was used to assist with the organisation, searching, 

and visualisation of codes and themes across the dataset. 

3. Results 

Based on the reflexive thematic analysis, four interconnected 

major themes were created that explore the participants’ 

motivation for playing Kī-o-Rahi: Whakawhanaungatanga, Pride 

in Te Ao Māori, Wairua, and Balance Between Competition and 

Fun. 

3.1. Whakawhanaungatanga 

A central theme created from participant accounts was 

whakawhanaungatanga, which incorporates the process of 

building and nurturing relationships. Participants described how 

Kī-o-Rahi acted as a catalyst for connection that spread beyond 

one’s own demographic (e.g., age, background, and ability). 

Through shared play, participants formed meaningful and often 

immediate relationships that resembled the bonds of whānau, in 

ways that contrasted sharply with more hierarchical or 

competitive sport environments. Three interwoven subthemes 

collectively highlight the social and relational essence of the sport: 

whānau-like bonds form quickly, multigenerational participation, 

and a non-judgmental, welcoming culture. 

3.1.1. Whānau-like bonds form quickly 

Across narratives, participants emphasised the speed and depth 

with which they formed bonds through playing Kī-o-Rahi. 

Participants entering the tournament without knowing many 

people expressed surprise at the rapid development of whānau-

like relationships. As one participant shared, “You come in and 

you don’t know each other but by the end you kind of feel like 

you’re family.” This comment highlighted the collective spirit 

fostered through the game and affirms the relational values 

underpinning te ao Māori, where kinship is both literal and 

metaphorical.  

For individuals newly arrived in a city or disconnected from 

their existing Māori networks, Kī-o-Rahi served as a bridge to 

community. One participant reflected, “I came to Christchurch 

and I don’t know anybody yet. So that’s a cool way to meet some 

of the Māori community.” This highlights the sport’s role not only 

in physical engagement but in cultural connection, which allows 

for identity-affirming spaces through casual and playful means. 

Participants also spoke about the ways in which teams formed on 

the day, often without preexisting affiliations, yet still took on the 

character of whānau. “We created two teams from random … 

someone’s auntie, someone’s cousin.” Even in randomised 

groupings, the relational logic of whakawhanaungatanga 

prevailed, and newcomers were absorbed into a familial 

environment. 

3.1.2. Multigenerational participation 

Participants repeatedly highlighted the unique intergenerational 

quality of Kī-o-Rahi as a defining aspect of its appeal. According 

to participants, the Kī-o-Rahi tournament offered a rare 

opportunity for multiple generations to play alongside one another, 

reinforcing whānau cohesion and the passing of cultural 

knowledge through a playful atmosphere. One participant 

observed, “It’s cool to see our tamariki [children] playing 

alongside their grandparents. That’s rare in sport.” This was 

echoed in another reflection: “We’ve got a 60-year-old playing 

today, and she’s still out there having fun with the kids.” These 

insights illustrate how Kī-o-Rahi disrupted conventional age 

norms found in mainstream sport, where participants are typically 

separated by developmental stage.  

Moreover, participants described the event as a gathering 

point for wider whānau, where shared activity transcended 

generational divides. “It’s the fact that we’re doing it as a 

whānau… even the little ones are getting a go.” In this way, the 

game became a living enactment of an important aspect of 

kaupapa Māori, where intergenerational learning and 

participation are central. Another participant noted, “We’ve come 

together as a family team, cousins, aunties… it’s all about that 

connection.” The phrase “all about that connection” captures a 

deeper intent beyond the surface-level physical aspects of the 

game: a deliberate effort toward relational wellbeing. 

Furthermore, the sport’s format enabled informal mentorship and 

modelling between age groups. “We got young kids playing with 

adults. That’s the beauty of it.” One participant distilled the 

essence clearly: “You can play with your kids, your cousins – 

everyone.” This spirit of inclusivity and intergenerational 

exchange not only supported community-building but reinforced 

the holistic values of Māori sport. 

3.1.3. Non-judgmental, welcoming culture  

Another significant dimension of whakawhanaungatanga was the 

welcoming, non-judgmental culture described by participants. Kī-

o-Rahi was framed as a space where people of all levels of fitness, 

background, and ability could feel safe and included. “You could 

play this and walk it if you couldn’t run… You don’t have to be 

super fit to play this.” This low barrier to entry not only promoted 

access, but also reframed success as participation and presence, 

rather than skill or speed. The game was also praised for its 

cultural inclusiveness. “We’ve had so many different cultures in 

our [team]… it’s still all of us getting together… having fun.” 

Here, Kī-o-Rahi became a space for intercultural connection, 

without requiring assimilation into a dominant norm. Moreover, 

some participants spoke candidly about initial hesitations rooted 

in fear of exclusion or not belonging. One Pākehā participant 

noted, “I was a little worried about like being too white… but it's 

not like that at all. Super welcoming… it’s a real friendly 

environment.” Another shared, “It’s not like netball or rugby. You 

don’t get looked down on for not knowing.”  

The casual and relational nature of the sport also mitigated 

financial or logistical barriers, further enhancing its accessibility. 

For instance, one participant mentioned: “We wouldn’t have 

come if we had to pay like some other sports.” Others affirmed 

this sentiment: “It’s free, it’s fun, and anyone can join. That’s the 

best part.” For many, the affordability and openness of Kī-o-Rahi 

was integral to its appeal, enabling wider community engagement 
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and ensuring participation was driven by relational instead of 

transactional values. As one participant succinctly put it, 

“Everyone’s just happy that you came.” This simple expression 

of gratitude reflects the spirit of manaakitanga (hospitality) that 

infused the event: a generous welcome that extended to all, 

regardless of ethnicity, knowledge, or ability. 

3.2. Pride in te ao Māori 

A second key theme to be created was a profound pride in te ao 

Māori, expressed through engagement with Kī-o-Rahi as a living 

cultural practice. Participants described feelings of validation, 

ownership, and cultural connection when engaging in a sport that 

originated from and actively reflected Māori traditions and 

worldview. This theme comprised two related subthemes: 

authentic Māori spaces and reclaiming traditional practices. 

3.2.1. Authentic Māori spaces 

Many participants expressed a deep appreciation for the 

authenticity of the cultural space created by Kī-o-Rahi. Unlike 

tokenistic or superficial incorporations of Māori symbols into 

Pākehā-dominated environments, the game was experienced as an 

expression of cultural sovereignty. One participant succinctly 

captured this sentiment: “You get to be Māori in a way that’s not 

tokenistic.” This statement reflects both a critique of performative 

biculturalism and an endorsement of Kī-o-Rahi as a space where 

Māori identity could be expressed meaningfully and on Māori 

terms. Participants expressed pride in participating in a sport that 

was not merely inclusive of Māori culture but rooted in it. One 

participant affirmed: “This is our space, our game. We made this.” 

This declaration of ownership speaks to participants’ sense of 

belonging, and, perhaps, resistance against a history of 

marginalisation within New Zealand’s sporting institutions. For 

many, the pride stemmed from the opportunity to be immersed in 

a sport that reflects and celebrates Māori values, narratives, and 

history: “It’s Māori, so we’re here for that. It’s who we are.” This 

sense of alignment between identity and activity was central to the 

experience for both Māori and non-Māori participants who 

wished to engage respectfully with te ao Māori. For Māori 

participants especially, the event was not just recreational but 

affirmational, offering a space to “exist unapologetically as 

Māori.” Kī-o-Rahi was also described as an opportunity to 

enhance cultural continuity. One participant reflected: “It feels 

like we’re not just playing but keeping something alive.” 

3.2.2. Reclaiming traditional practices 

Closely related to the notion of authenticity was the theme of 

reclamation of traditional practices through Kī-o-Rahi. For some 

participants, particularly those raised in predominantly Pākehā 

environments, playing Kī-o-Rahi evoked a sense of returning to 

cultural roots. “We were raised playing Pākehā sports. This one 

feels like coming home.” This comment reveals a deeper 

emotional resonance: for these individuals, participation was not 

simply playing a sport but a deep personal reconnection to 

ancestral traditions. 

Participants also emphasised that the kaupapa of the sport 

drew them in. One noted, “What interested me was probably like 

the kaupapa around it… And just being a part of that.” The appeal 

was not limited to physical play but extended to the embedded 

cultural meanings, protocols, and values that gave the game depth 

and context. These cultural elements offered a richer sporting 

experience, which differed fundamentally from the more 

performance-driven objectives of mainstream sport. This contrast 

was articulated explicitly by one participant: “That was really cool 

because no other sport I’ve really played symbolized anything 

really… Rugby you want to get a try … it doesn’t mean anything. 

But there’s more to it [with Kī-o-Rahi].” Here, the participant 

acknowledges how most conventional sports are separated from 

cultural narrative or spiritual significance, whereas Kī-o-Rahi was 

infused with meaning and drew on pūrākau (trasitional story), 

whakapapa (genealogy), and tikanga. 

3.3. Wairua 

A third core theme developed through analysis was the wairua 

dimension of playing Kī-o-Rahi. For many participants, the game 

carried a deeper resonance. It was not simply a sport, but a 

practice grounded in wairua. This dimension transcended the 

physical aspects of play, anchoring it in ancestral connection and 

the unseen forces that shape and guide Māori experiences. Two 

interrelated subthemes were identified: Ancestral presence and 

guidance and representing tūpuna (ancestors) through play. 

3.3.1. Ancestral presence and guidance 

Participants frequently described Kī-o-Rahi as an activity that 

incorporates the presence of participants’ ancestors. The wairua 

of the game was felt both on and off the field, and this spiritual 

connection added weight and meaning to their participation. One 

participant reflected, “It feels like wairua’s part of the game … 

like our ancestors are watching us.” This expression highlighted 

how participants experienced the game as a potential spiritual 

window, one that linked them to those who had come before. For 

some, Kī-o-Rahi evoked a sense of kaitiakitanga (guardianship of 

cultural practices passed down through generations). One 

participant noted, “Our tūpuna used to play it…it’s not just a game, 

it’s a wairua thing too.” This acknowledgment of lineage 

positioned the game as a form of cultural continuation, where 

players were not only engaging for fun but taking part in the 

preservation of ancestral knowledge. Furthermore, participants 

described a tangible emotional and spiritual connection to their 

ancestors while playing. As one shared, “You feel them with you 

when you’re on the field, like you’re doing it for them.” This 

suggests that participation in Kī-o-Rahi was an act of 

remembrance and respect. In these moments, players were not 

only athletes. They also became vessels through which ancestral 

presence could be felt, honoured, and carried forward. This 

experience reflects a distinctly Indigenous worldview, in which 

the physical and spiritual realms are interwoven, and ancestral 

influence continues to shape the present. Rather than viewing 

sport as separate from culture or spirituality, participants saw Kī-

o-Rahi as a powerful site of reconnection. 

3.3.2. Representing tūpuna through play 
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Beyond sensing the presence of ancestors, participants described 

feeling a responsibility to represent them through their actions on 

the field. This dimension added a sense of purpose and 

accountability to their participation. One participant stated, 

“You’re not just playing, you’re representing your tūpuna.” This 

notion of representation speaks to a deeper relational ethic, which 

is grounded in whakapapa and honouring those who paved the 

way. The weight of this reference to tūpuna elevated the game 

beyond recreation. It became a platform for enacting values and 

for continuing legacies. 

3.4. Balance between competition and fun 

A final theme constructed during the interpretive process 

discusses how participants engaged with Kī-o-Rahi with a 

distinctive balance between competition and fun. Unlike many 

conventional sports where performance and winning are central, 

participants described Kī-o-Rahi as a socially rich, low-pressure 

environment where relationality, enjoyment, and learning were 

prioritised. This balance supported both individual wellbeing and 

collective cohesion. Two subthemes captured this dynamic: 

competitive spirit with respectful limits and a safe learning 

environment. 

3.4.1. Competitive spirit with respectful limits 

Participants frequently acknowledged that competition was 

present, but not overwhelming. Instead of intense rivalry, the 

focus remained on social connection, emotional wellbeing, and 

collective fun. Many participants noted how this atmosphere 

offered relief from the stress of demanding work or traditional 

sports. One shared, “What we do [for work] is around like mental 

health, addiction, violence… so doing something like this and 

getting out and having fun and socialising outside of that mahi 

[work], that’s an exciting thing for me.” The comment speaks to 

the restorative role of the sport in supporting Hauora (holistic 

health outcomes), particularly hinengaro. 

Several participants emphasised that the appeal of Kī-o-Rahi 

was less about the game itself, and more about the opportunity to 

be together. One participant noted, “I was mainly just pulled in by 

the social element… I enjoy my colleagues… just a chance to 

hang out.” Others described the joy and levity the game brought: 

“We’ve just had laughs and laughs… that’s part of the fun.” These 

accounts reflect the joys of whanaungatanga as central to the 

sporting experience. While competition existed, participants 

consistently described it as secondary to enjoyment. “We’re 

competitive, but it’s not the main thing.” This comment illustrates 

how competitive energy could exist without undermining the 

inclusive and social environment. Another participant explained, 

“You still want to win, but you don’t take it home with you.” This 

healthy relationship with competition, which was focused on 

engagement rather than ego, helped reduce pressure and made the 

event feel open and welcoming to all levels of ability. 

3.4.2. Safe learning environment 

Alongside the balanced competitive spirit, participants described 

Kī-o-Rahi as a safe and encouraging place to learn, particularly 

for those new to the game. The absence of harsh judgment or 

performance pressure created psychological safety, which 

allowed players to make mistakes. One participant captured this 

clearly: “You don’t feel dumb if you make a mistake. Everyone 

helps you out.” This emphasis on collective encouragement was 

echoed by another: “You weren’t laughed at, you were 

encouraged.” Rather than being corrected or ridiculed, new 

players were met with support, reflecting a deeply Māori ethic of 

manaakitanga.  

Positive reinforcement took precedence over critique, 

reinforcing trust and comfort. Participants appreciated the 

freedom to learn without the pressure to master the game. “I like 

that I’m learning, but I’m not expected to know it all.” The 

removal of perfectionist expectations created a more inclusive 

experience where the process of learning was valued over 

performance outcomes. One player shared, “I knew that it was 

social, not real competitive, which made me feel comfortable to 

come and learn.” Knowing that the environment was social and 

welcoming gave new participants the confidence to show up and 

try. This safe space for learning reflects kaupapa Māori that 

emphasizes relationality, humility, and experiential learning. 

Overall, participants appreciated that while Kī-o-Rahi allowed 

for healthy competition, it was always held within the boundaries 

of respect and connection. The emphasis on encouragement and 

safety, especially for newcomers, underscored Kī-o-Rahi’s role as 

a culturally grounded learning environment. Through its balance 

of playfulness and competitiveness, Kī-o-Rahi embodied Māori 

approaches to sport that prioritise people over outcomes. 

4. Discussion 

The results of this study highlighted the multifaceted motivations 

that underpin participation in Kī-o-Rahi. It appears that Kī-o-Rahi 

is experienced by participants as more than just a competitive 

sport. It is a culturally grounded practice that fosters social 

connection, cultural affirmation, and spiritual connection. Taken 

together, the findings suggest that Kī-o-Rahi holds unique 

potential as a culturally grounded, socially cohesive, and 

spiritually meaningful Māori sport. Its emphasis on 

whakawhanaungatanga, cultural pride, spiritual connection, and 

inclusivity contrasts with the values often ascribed to mainstream 

sport, which often prioritise competition and individualism (Rai 

et al., 2024). For Māori and Pākehā, Kī-o-Rahi may offer a 

restorative and affirming space that bridges generations, affirms 

identity, and supports holistic dimensions of wellbeing. 

4.1. Comparison of Indigenous and Western sports 

Several Western sports (e.g., hockey, football), have strongly 

been associated with a focus on performance and competition (Rai 

et al., 2024). There are notable exceptions, both in Aotearoa New 

Zealand and abroad, of sport initiatives that placed a focus on 

balancing performance and opportunities to enjoy the sport (e.g., 

Balance is Better; Taylor et al., 2024). Nevertheless, participants 

in the current study highlighted how they felt Kī-o-Rahi placed 

comparatively less emphasis on competition and instead 

celebrated aspects such as multigenerational presence and 

whanaungatanga instead of sport performance. These findings 

reflect similar themes that have been found in recent research on 

Kī-o-Rahi (Campbell et al., 2024). Furthermore, the elements of 
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inclusivity and intergenerational exchange not only supported 

community-building but reinforced the holistic values of Māori 

sport, which are values often lost in age-banded, competition-

driven sports environments such as rugby. Furthermore, the game 

held space for difference without othering, which appeared to 

reduce the hierarchies of knowledge, ability, or ethnicity. These 

findings are consistent with that of Palmer et al. (2009), who 

found that Kī-o-Rahi catered to a wide range of skill and fitness 

levels, provided an opportunity for interaction between ethnicities, 

genders, age, and peer groups, and allowed the expression of 

Māori identity and pride. These accounts reflect some of the broad 

values of Kī-o-Rahi. Namely, newcomers are embraced rather 

than assessed, and cultural humility is encouraged.  

Furthermore, participation in Kī-o-Rahi was understood as an 

act of cultural stewardship, which helped to revitalise practices 

that had once been diminished or displaced. These findings reflect 

previous Canadian research, which suggested that sport can offer 

Indigenous youth opportunities to strengthen community ties and 

deepen cultural connections (McHugh et al., 2019). This process 

could in turn help contribute to the intergenerational survival of 

mātauranga Māori (Māori knowledge). Even for those who were 

still learning or reconnecting with their Māori identity, Kī-o-Rahi 

provided a non-threatening, embodied way to engage with te ao 

Māori. The game offered more than just physical activity. It also 

offered participants an evolving sense of who one could be as 

Māori. In doing so, Kī-o-Rahi acted as a subtle yet powerful 

decolonial practice, which may have the potential of restoring 

cultural relevance to physical activity and challenging the 

dominance of colonial sporting models. Namely, Pride in te ao 

Māori highlighted how Kī-o-Rahi is more than a sport. Kī-o-Rahi 

offered authentic Māori spaces where culture was honoured and 

supported the reclamation of traditional practices. 

4.2. More than a sport 

Based on the results of the current study, Kī-o-Rahi functioned as 

more than a sport and lead to a multitude of holistic benefits. 

Previously, Akbar et al. (2020) conducted a systematic review on 

wellbeing and traditional Indigenous sports that took place in 

Canada, the United States of America, New Zealand, and 

Australia. Akbar et al. (2020) found numerous emotional, mental, 

and spiritual benefits of traditional physical activity. Similarly, in 

the current study, Kī-o-Rahi was described as prioritising 

connection over competition, belonging over performance, and 

togetherness over hierarchy. Overall, Kī-o-Rahi was described as 

functioning not only as a form of recreation but as a site of cultural 

resurgence and identity affirmation. For instance, participating in 

Kī-o-Rahi was accompanied by a claim of belonging, and, 

perhaps, resistance against a history of marginalisation within 

New Zealand’s sporting institutions. 

Based on the current study, Kī-o-Rahi acted as a vehicle for 

whakawhanaungatanga. The tournament allowed participants to 

create relational networks that resembled, reflected, or became 

whānau. The sport’s inclusive structure, multigenerational format, 

and relational focus collectively fostered a culturally grounded, 

community-affirming experience. This connection was at a 

deeper level than typified in western sport, where, playing Kī-o-

Rahi was not just about movement or strategy, it was also about 

connection to one’s tūpuna. Kī-o-Rahi became a space where 

wairua could be lived, rather than simply talked about. The theme 

of Wairua revealed the depth of spiritual meaning participants 

found in playing Kī-o-Rahi. For many, the game served as a 

bridge between worlds. It helped link the past and present, 

physical and spiritual, self and ancestors. Participants described 

feeling guided by their tūpuna and compelled to represent them 

through play. These findings reflect earlier research in the context 

of Aotearoa New Zealand. Namely, Griffiths et al. (2023) in a 

review of social benefits of sports in Aotearoa New Zealand, 

found that for Māori athletes, participating in sport helped 

strengthened their sense cultural identity. Indeed, according to 

Moon (2012), “while sport can be an instrument of ‘cultural 

suppression and cultural hegemony on the one hand’, it can 

paradoxically serve as a force for ‘…cultural regeneration and 

cultural survival on the other’” (p.29). 

Furthermore, findings of the current study reinforce those 

from a scoping report by Palmer et al. (2009), that found Kī-o-

Rahi to be a way of passing down beliefs, traditions, and protocols 

from one generation to the next. Similarly, in the context of 

another traditional Māori sport, called waka ama, Severinsen and 

Reweti (2021), found that when participants were afforded 

opportunities to connect to their culture, their wellbeing improved. 

Internationally, the review by McHugh et al. (2019) also found 

that sport and recreation may provide valuable opportunities for 

Indigenous youth in Canada to connect with their communities 

and access role models. In summary, participants in the current 

study, expressed that Kī-o-Rahi functioned not only as a form of 

sport or recreation but as a site of cultural resurgence and identity 

affirmation, where the game was accompanied by a claim of 

belonging. 

4.3. Implications 

From a policy perspective, there is a compelling case for 

increasing structural and financial support for traditional 

Indigenous sports such as Kī-o-Rahi. Kī-o-Rahi can be supported 

not only as a recreational activity to promote physical wellbeing 

but as a tool for supporting broader goals around Māori wellbeing. 

Incorporating games like Kī-o-Rahi into schools, community 

centres, and health initiatives may help strengthen cultural 

identity and foster community connection. Importantly, such 

initiatives should be led by Māori and embedded in kaupapa 

Māori approaches, to ensure authenticity and uphold the cultural 

integrity of the game. 

For instance, Kī-o-Rahi could be included in school curricula, 

not just as physical activity, but as a culturally rich learning tool 

that connects students to mātauranga Māori. In community 

contexts, funding Kī-o-Rahi-related efforts could help support 

intergenerational engagement and whānau connectedness. Local 

government, regional sporting organisations, and community 

development agencies could prioritise funding for Māori-led sport 

and recreation initiatives, especially those that use Indigenous 

games, such as Kī-o-Rahi, for strengthening identity and 

community wellbeing. Finally, Kī-o-Rahi, could be used to 

support national level health promoting strategies such as He 

Korowai Oranga (New Zealand’s Māori Health Strategy). 

Particularly, Kī-o-Rahi, may be used to foster whānau ora (family 

health) and culturally relevant pathways to wellness. Public health 

agencies can collaborate with iwi (Māori tribes) to implement Kī-
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o-Rahi-based programmes that address physical inactivity, mental 

health, and social disconnection, which are key determinants of 

Māori wellbeing outcomes. 

4.4. Strengths and limitations 

This study offers valuable insights into Kī-o-Rahi, a culturally 

significant sport in Aotearoa New Zealand that is gaining in 

popularity but remains underrepresented in academic literature. 

Throughout this study, cultural integrity and tikanga was upheld 

throughout the process. For instance, focus groups were 

conducted in a familiar and meaningful context, which fostered 

participant comfort and supported the authenticity of responses. 

Furthermore, the research question emerged collaboratively 

through a hui with Kī-o-Rahi organisers, grounding the inquiry in 

lived experience and community priorities. 

Nevertheless, a key limitation of this study lies in the context-

specific nature of its data collection. Because all focus groups 

were conducted during a single regional Kī-o-Rahi tournament in 

Ōtautahi Christchurch, the findings may overly reflect the 

enthusiasm that was present during the heightened social, 

emotional, and cultural atmosphere of the event. Furthermore, the 

perspectives of younger participants and Kī-o-Rahi participants 

from Te Ika-a-Māui (the North Island) were not included in the 

current study. In addition, there was a lack of negative findings or 

challenges expressed by Kī-o-Rahi participants. This can likely be 

explained by the tournament’s context, which emphasised 

connection and cultural pride, and may have amplified relational 

or spiritual reflections and underrepresented other aspects of 

motivation (e.g., health, routine) that might emerge in day-to-day 

Kī-o-Rahi practices. Consequently, future research may benefit 

from establishing data collection on a longitudinal basis or taking 

place in non-tournament settings. Moreover, an exploration of 

motivation from the point of view of people discontinuing 

participating in Kī-o-Rahi could be warranted. 

Conclusion 

The overall findings of this study reveal that the motivation to take 

part in Kī-o-Rahi incorporates the deeply relational, cultural, and 

spiritual dimensions of the game. Kī-o-Rahi is a site where 

whakawhanaungatanga flourishes, where cultural identity is 

reclaimed and celebrated, and where ancestral presence is 

honoured through collective play. For many, it is not just a sport, 

it is a lived expression of kaupapa Māori, offering pathways for 

connection, competition, spirituality, safety, cultural resurgence, 

and te ao Māori. 
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Appendix A: Glossary of Kupu Māori (Māori words) 

Te Reo Māori  English 

Hauora   Holistic health outcomes 

He Korowai Oranga New Zealand’s Māori Health Strategy 

Hinengaro  Mental 

Hui   meeting 

Iwi    Māori tribes 

Kaitiakitanga Guardianship of cultural practices passed down through generations 

Kaupapa   Māori values-based 

Kōrero   Discussion 

Manaakitanga  Hospitality 

Mātauranga Māori Māori knowledge 

Mihimihi Sharing an introduction about oneself, which is used to establish links with other people present and let 

people know who you are, and where you come from 

Ngā taonga tākaro  Indigenous sports  

Pākehā   New Zealand European 

Pūrākau   Traditional stories 

Rangahau Māori research methodologies 

Tamariki  Children 

Te ao māori   Māori worldview 

Te reo Māori  The Indigenous language of Aotearoa 

Te Waipounamu  South Island, New Zealand 

Te Whare Tapa Whā Māori model of wellbeing 

Te Whetū Rehua  The Guiding Star 

Tikanga   Appropriate Māori protocols 

Tinana   Physical 

Tino rangatiratanga            Indigenous self-determination 

Tūpuna   Ancestors 

Wairua   Spiritual 

Whakapapa  Genealogy 

Whakawhanaungatanga Relationship-building  

Whānau   Family/community 

Whānau ora  Family health 

Whenua   Roots, land 

Appendix B: Focus Group Interview Guide 

• Tell me about your experiences with sport or exercise. 

• Can you tell me about how you got started with Kī-o-Rahi? 

• What about Kī-o-Rahi inspires you to play? 

• What initially motivated you to start playing Kī-o-Rahi, and how has your motivation changed over time? 

• What has made you want to come to this tournament? 

• How does training for kī-o-Rahi compare to this type of tournament? 

• How would you describe the feeling of playing in a competitive setting like this?  

• What keeps you involved in Kī-o-rahi over time? 

• Can you tell me about any challenges or obstacles you have faced? 

• What support or resources have helped you continue playing? 

• How do relationships with teammates or coaches influence your participation? 
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 Kī-o-Rahi is a unique indigenous Māori mixed-sex team ball sport played in Aotearoa, New 

Zealand. This is the first published study to quantify the physical demands of Kī-o-Rahi. 

Players (n = 17, 8 females and 9 males) wore 10-Hz Global Positioning System (GPS) and 

heart rate units while playing 5 games. Mean ± SD were calculated for maximum speed 

(km·h-1), total distance (m), running distance (≥ 7.1 km·h-1), high intensity running (≥ 16 

km·h-1), and heart rate (b·min-1). On average, players travelled 825 ± 169 m, ran 479 ± 130 

m, covered 76 ± 56 m at high intensity, and reached maximal speeds of 22 ± 3 km·h-1, with 

a heart rate of 152 ± 21(b·min-1) per game. Males covered 16.7 ± 11.3 m more total distance 

per min, ran 9.8 ± 9.3 m further per min, and covered 5.6 ± 3.8 m more high intensity 

distance per min than female players (p ≤ 0.05). Distances in games 4 and 5 were 

significantly decreased (25% to 70%, p < 0.05) compared to game 1, which suggests 

accumulated fatigue throughout the day. Coaches should consider recovery and nutritional 

strategies between games and training should focus on developing aerobic capacity and 

explosive speed due to the physically demanding nature of competition. Future research 

should determine game movement patterns, investigate recovery strategies, possible gender 

differences, fitness levels, and/or team tactics. 

Keywords:  

Māori  

Mixed-sex team sport 

Distance 

 

 

1. Introduction  

Kī-o-Rahi is a unique fast-paced indigenous Māori mixed-sex ball 

game played on a circular field (Brown, 2010). As a tākaro Māori, 

Māori game, Kī-o-Rahi all but disappeared in Aotearoa, New 

Zealand due to European colonization, as the sport was seen as a 

barrier to the uptake of Christianity by the indigenous Māori 

people of Aotearoa New Zealand (Brown, 2010; Palmer et al., 

2009). Owing to ongoing effects of colonization, there is minimal 

research on the sport, as participation in the tākaro was not 

encouraged and therefore only played by Māori people in 

informal settings. However, since the 1970s, the tākaro has been 

growing in popularity throughout Aotearoa New Zealand and a 

national secondary school Kī-o-Rahi competition started in 2010 

(Harris, 2016; Terruhn, 2019). In addition to the multiple health 

benefits of team sport participation (Janssen et al., 2010), a unique 

aspect of Kī-o-Rahi is that it also provides an opportunity for 

players to develop an understanding of Māori culture while 

participating in the tākaro, which is increasingly important as 

Aotearoa, New Zealand progresses towards biculturalism (Palmer 

et al., 2009; Harris, 2016). 

Biculturalism within the context of Aotearoa, New Zealand, 

refers totangata whenua, the indigenous Māori population, tangata 

tiriti, New Zealanders, living and respecting each other (Hayward 

and Wheen, 2012), where these two groups respect each other’s 

values, beliefs, rights, and resources (Durie, 2003; Linnér et al., 

2022). Key to understanding this partnership is to engage with Te 

Tiriti o Waitangi (Durie, 2003), the founding document of 

Aotearoa, New Zealand’s current society that provides a guide for 

a positive bicultural future for all citizens. Fundamentally, Te 
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Tiriti o Waitangi is about social justice, making it relevant to all 

people living in the communities of Aotearoa, New Zealand, as 

well as an exemplar for all other nations that wish to work 

meaningfully with their indigenous populations (Harris, 2016; 

Ministry of Health 2020). Te Tiriti o Waitangi provides a platform 

for recognizing Māori needs and aspirations, ensuring Māori 

people can enjoy equal and equitable opportunities. However, due 

to the consequences of colonization, Māori people face persistent 

inequity and typically have poorer health outcomes compared to 

other groups in Aotearoa, New Zealand (Durie 2003; Linnér et al., 

2022). Consequently, there has been minimal research on the 

sport.  

Kī-o-Rahi is a Māori ball sport that encompasses the Māori 

world view; therefore, the game can be a vehicle for 

intergenerational transmission of traditional practices, values, 

traditions, protocols, and understanding of the world (Palmer et 

al., 2009). Kī-o-Rahi is based on the journey of Rahi, who has 

been attributed with the creation of Kī-o-Rahi. The game is based 

on Rahi’s pursuit of a patupaiarehe, spiritual being, who had 

kidnapped his wife Te Ara and the conflict resolution that 

occurred after his wife was returned, which led to the creation of 

the game (Palmer et al., 2009).  

Global Positioning System (GPS) is a satellite-based 

technology that tracks movements over time and is widely used in 

team sports to measure player positions and speed (Coughlan et 

al., 2011; Cummins, 2013). The technology allows monitoring of 

activity intensity, and the movement demands placed on players 

during training and games (Cummins, 2013; Hodun et al., 2016). 

Data collected from GPS in games, such as running and sprinting 

distances, can then be utilized to develop sport-specific training 

programs for team sports and to aid in the rehabilitation of players 

returning from injury (Olsen et al., 2023). In Aotearoa, New 

Zealand, GPS technology has been used extensively in research 

on team sports such as rugby union and rugby sevens to quantify 

the physical demands of these sports (Ross et al., 2015; King et 

al., 2018; Busbridge et al., 2022; Takamori et al., 2022; Olsen et 

al., 2023). To date, there has been no research to quantify the 

physical demands of Kī-o-Rahi. The aim of this study was to 

determine the physiological demands of Kī-o-Rahi. Quantifying 

the physical demands of Kī-o-Rahi could assist trainers and 

coaches to plan and implement programs that elicit physiological 

adaptations specific to the mixed-sex team ball sport. Additionally, 

the study also addresses inequities in sport science research in 

Aotearoa, New Zealand, where research has predominately 

focused on non-indigenous male sports introduced during 

colonization. 

2. Methods 

2.1. The game 

Kī-o-Rahi is played on a field that consists of three concentric 

circles or playing zones (Figure 1). The playing zones are 

intersected by a pathway called the te ara (UNICEF UK, n.d.). At 

the center of the inner zone (te pāwero) (4-m radius) is the tupu 

(wairua) or target (UNICEF UK, n.d.). The middle circle, te roto, 

has a radius of 11 m, and the outer circle, te ao, has a radius of 21 

m (Figure 1). Seven posts, pou, (indicated as red dots in Figure 1) 

are evenly spaced around the outer circle (te ao) area (UNICEF 

UK, n.d.). Two teams of seven players are on the field during a 

14-min game (7-min halves, separated by a 1-min break). Rolling 

substitutions can be made throughout a game. One team is the 

kīoma and can score by touching posts in the outer circle (te ao) 

and then running through the middle circle (te roto) touching 

down in the inner circle (te pāwero) (UNICEF UK, n.d.). If a 

kīoma player is tagged, they have three seconds to pass the ball to 

a teammate or it goes to the other team, who are named the 

taniwha (UNICEF UK, n.d.). The Taniwha team scores by 

throwing from the middle circle (te roto) and hitting the tupu or 

target in the center of the inner circle (te pāwero, which is 

protected by goalies similar to soccer) (Figure 1). The game is 

played in quarters or halves, and at the end of each quarter or half, 

the team positions changes from Kīoma to Taniwha. A full 

description of the game has been previously published (UNICEF 

UK, n.d.).  

 

 
Figure 1: Te papa tākaro Kī-o-Rahi: Kī-o-Rahi field layout. 

 

2.2. Participants 

Heart rate and GPS data were collected in the first five of seven 

Kī-o-Rahi games on Day 1 of a two-day National Secondary 

Schools competition held in Waitangi in April 2021. Participants 

were all the players in one team  of 17 players (8 females; age 16 

± 1 y, height 163 ± 6 cm, body mass 60 ± 7 kg; 9 males; age 16 ± 

1 y, height 177 ± 6 cm, body mass 74 ± 6 kg). In total, there were 

38 GPS files recorded during the five games. One file represents 

a player who played for 7-min or more (i.e., at least half a game). 

Informed consent was gained from all players and ethical 

approval (#1881) was attained from an Institutional Ethics Board. 

Players were informed of the benefits and risks of participation 

and signed written consent before participating.   

2.3. Procedure 

Players wore a 10-Hz GPS unit (VX Sport™, Lower Hutt, 

Aotearoa, New Zealand) for the duration of each game, which 
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have been found to produce valid and reliable measurements in 

team sport movements (Crang et al., 2021). The unit was secured 

in a pocket in a VX Sport™ vest in the region of the upper thoracic 

spine. The GPS and HR units were turned on approximately 5-

min before the start of a game and turned off at the end of a game. 

Data were extracted from the GPS units using VX Sport™ 

software. Heart rate data were captured using Polar V800 

downloadable heart rate monitors (60-Hz) (Polar Electro Oy, 

Kempele, Finland), which were fitted for players prior to warm-

up, data was downloaded after games using the Polar FlowSync 

software. Substitutions were also manually recorded to enable 

heart rate and GPS data to be trimmed to include only playing 

time data in the analysis. The variables collected in the research 

were maximum speed (km·h-1), total distance (m), running 

distance (≥ 7.1 km·h-1), high intensity running (≥ 16 km·h-1), and 

heart rate (b·min-1).  Relative distance measurements (m·min-1) 

were also calculated by dividing the GPS distance measurements 

by the minutes played per game 

2.4. Statistical Approach 

Player data were classified into positional groups to indicate if a 

participant played exclusively in the outer circle (te ao) and 

middle circle (te roto) (Figure. 1) or in both te ao and te pāwero 

(goalie position), the outer and inner circles. On average, there 

were 18 substitutions per game. The GPS files were only used 

from players who had played for 7-min or more (i.e., equivalent 

to playing the duration of one half). This approach is standard 

practice in GPS research on other sports, as it enables the 

workload of a player involved in a substantial amount of the game 

to be determined (Olsen et al., 2023). In total there were 38 GPS 

data files from players who played 7-min or more. The data was 

visually checked for outliers (any data point over 3 SD from the 

mean) and inaccurate data by investigating the distribution and 

probability plots. In addition, normality of the data was confirmed 

with a Shapiro-Wilk test.  

Data are presented as the mean ± SD for maximum speed 

(km·h-1), total distance (m), running distance (≥ 7.1 km·h-1), and 

high intensity running (≥ 16 km·h-1). The running distance and 

high intensity running zones were based on a review by Hodun et 

al. (2016) of female team sports as there are female and male 

participants in the study. Mean ± SD data were also calculated for 

heart rate measurements (b·min-1) in each game. Changes in the 

mean and SD representing the between-and within-subject 

variability were estimated using a mixed modeling procedure 

(Proc Mixed) in the Statistical Analysis System (Version 9.3, SAS 

Institute, Cary, NC). The difference in the mean GPS variables 

between groups (player positions, sex) and over time (games 1 to 

5) using a repeated measures univariate ANOVA’s in the 

Statistical Analysis System using the Proc Mixed procedure 

(version 9.4; SAS Institute, Cary, NC). We also calculated the 

effect size statistics (Cohen’s d). The magnitude of the effect size 

(ES) was interpreted using descriptors proposed by Hopkins et al.  

(i.e., 0.0-0.19 trivial, 0.20-0.59 small, 0.6-1.19 moderate, 1.2-1.99 

large, and 2.0-3.99 very large; Hopkins 2009).  

3. Results 

3.1. GPS measures 

Table 1 and Table 2 shows non-significant differences were 

evident (0 m to 38 m, p > 0.05) in absolute and relative (m·min-1) 

measures for total distance, running, and high-intensity running 

distance measures between players in the outer circle (te ao) and 

middle circle (te roto), and those in the outer circle (te ao) and the 

inner circle (te Pāwero). Effect sizes (ES) ranged from 0.02 to 

0.51. There were also no significant differences in maximal speed 

(22.7 ± 3.6 km·h-1 and 21.6 ± 1. km·h-1) and time played (9.5 ± 

1.8 min and 9.0 ± 2.0 min,~1.0 km·h-1, ES = 0.37 and 0.5 min, ES 

= 0.26, respectively) for players in the outer circles or inner and 

outer circles.  

 

Table 1: Absolute distance (m) per game in Kī-o-Rahi positions. 

Positions Total distance 
Distance 

≥ 7.1 km.h-1 

Distance 

≥ 16 km.h-1 

All data1 825.1 ± 169.1 478.8 ± 129.6 75.9 ± 55.9 

Outer & 

middle circles2 
836.2 ± 174.8 486.2 ± 136.9 84.2 ± 59.9 

Inner and outer 

circles3 
797.7 ± 158.7 460.6 ± 113.7 55.6 ± 40.3 

Notes: Data = mean ± SD. 1Outer circle + inner & outer circle 

position data combined. 2Outer circle (te ao) & middle circle (te 

roto). 3Outer circle (te ao) & te pāwero (goalie position). 

 

Table 2: Relative distance (m·min-1) per game in Kī-o-Rahi positions.  

Positions Total distance Distance  

≥ 7.1 km.h-1 

Distance  

≥ 16 km.h-1 

All data1 90.7 ± 19.1 53.1 ± 15.3 8.7 ± 6.3 

Outer & 

middle circles2 
90.8 ± 20.6 53.2 ± 16.3 9.5 ± 6.8 

Inner and outer 

circles3 
90.6 ± 15.4 52.9 ± 13.3 6.6 ± 4.5 

Notes: Data = mean ± SD. 1Outer circle + inner & outer circle 

position data combined. 2Outer circle (te ao) & middle circle (te 

roto). 3Outer circle (te ao) & te pāwero (goalie position). 

 

Table 3: Absolute distance (m) per game for female and male players. 

 Total distance Distance  

≥ 7.1 km.h-1  

Distance  

≥ 16 km.h-1 

Female 791.3 ± 199.7 457.4 ± 141.7 52.2 ± 28.2 

Male  855.5 ± 133.8 498.1 ± 118.1 97.2 ± 66.2** 

Notes: Data = mean ± SD. **p ≤ 0.01. 

 

During the games, male and female players covered similar 

absolute distance (855.5 m and 791.3 m, respectively, p = 0.25, 

ES = 0.37) and running distance (≥ 7.1 km·h-1) (498.1 m and 457 

m, respectively, p = 0.3, ES = 0.31). However, when expressed as 

relative measures, male players typically covered more total 

distance (16.7 ± 11.3 m·min-1, mean ± 95% CI, p = 0.005, ES = 

0.77) and greater distance (9.8 ± 9.3 m·min-1, p = 0.05, ES = 0.64) 

compared to female players (Table 3 and 4). Males also covered 

more distance in both absolute (44.9 ± 33.5 m, p = 0.01, ES = 

0.80) and relative measures (5.6 ± 3.8 m, p = 0.005, ES = 0.88) at 
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high-intensity (≥ 16 km·h-1) than female players. Additionally, 

male players had significantly higher maximum running speeds 

compared to female players (23.8 ± 3.0 km·h-1 vs. 20.8 ± 2.6 km·h-

1 respectively, p = 0.003, ES = 0.92), but typically played for 1-

min less per game than female players (9.9 ± 2.2 min vs. 8.9 ± 1.3 

min, p = 0.07, ES = 0.57).  

 

Table 4: Relative distance (m·min-1) per game for female and 

male players. 

 Total distance Distance  

≥ 7.1 km.h-1 

Distance  

≥ 16 km.h-1 

Female 81.9 ± 19.1 47.9 ± 15.4 5.7 ± 3.1 

Male  98.7 ± 15.6** 57.8 ± 14.0* 11.3 ± 7.4** 

Notes: Data = mean ± SD. *p ≤ 0.05. **p ≤ 0.01. 

 

Figures 2 and 3 show that the overall absolute and relative 

distances typically decreased with the number of games played 

during the tournament. The comparison of the absolute and 

relative distances in game 1 and 2 with games 4 onwards showed 

that there was a significant reduction in distance covered in the 

latter games (p < 0.05) with ES ranging from 0.71 to 2.47 between 

game 1 and games 4 or 5. Game 4 relative distance measures were 

also significantly lower than game 3 distances (p < 0.05, Figure 

3) and game 2 had lower high running distances (p < 0.05, Figure 

2 and 3) than game 1. There was minimal difference (2% to 3% p 

≥ 0.05) in the average time played and the average maximal speed 

between the games.  
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Figure 2: Absolute distances (m) in five Kī-o-Rahi games. Notes: 
1Significant difference between this game vs. Game 1,  
2Significant difference between this game vs. Game 2. 

 

3.2. Heart rate  

There were no significant (p > 0.05) differences between player 

heart rates when they played in the outer or inner-and-outer zones 

(151 ± 20 vs. 154 ± 22 b·min-1, mean ± SD) or between players in 

the outer zones and those in the inner zone guarding the target or 

tupu (149 ± 19 vs 165 ± 33 b·min-1, p > 0.05). In contrast, there 

were significant differences between female and male players, 

with males having higher heart rates during games (169 ± 22 vs 

139 ± 7 b·min-1, p = 0.02, ES = 1.9), and when they played in the 

outer zones (168 ± 18 vs 138 ± 7 b·min-1, p = 0.01, ES = 1.7), and 

in the inner-and-outer zones (170 ± 22 vs 141 ± 12 b·min-1, p = 

0.04, ES = 1.3) compared to female players.  
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Figure 3: Relative distances (m.min-1) in five Kī-o-Rahi games. 

Notes: 1Significant difference between this game vs. Game 1. 
2Significant difference between this game vs. Game 2. 
3Significant difference between this game vs. Game 3. 

 

4. Discussion 

Kī-o-Rahi is an indigenous mixed-sex team ball sport played in 

Aotearoa, New Zealand based on the figure of Rahi. Prior to this 

study, no research has been published on the physical demands of 

this sport. The absolute total distances covered by Kī-o-Rahi 

players were lower than distances covered by rugby sevens 

players in junior, regional, and international games (825 m vs. 916 

m to 2486 m) (Ross et al. 2015), which are of a similar duration 

as Kī-o-Rahi games. Absolute high intensity running distances 

(76 m at ≥ 16 km·h-1) for Kī-o-Rahi players were also 

considerably less than those observed in secondary school 

representative rugby sevens team (~250 m at >18 km·h-1) at an 

under 15 and under 17 national sevens tournament (Wintershoven 

et al. 2023). In contrast, average relative total distances for Kī-o-

Rahi players were within the range observed for sevens players in 

junior, regional, and international competition (91 m·min-1 vs. 79 

m·min-1 to 121 m·min-1) (Ross et al. 2015). Relative measures are 

possibly more valid for comparisons between datasets, as they 

account for differences in time played in different positions and 

competitions (Olsen et al. 2023). Nevertheless, the distances 

covered performing high-intensity running in Kī-o-Rahi were 

approximately half that observed in sevens rugby for relative or 

absolute measures (Ross et al. 2015). The lower values could be 

due to the playing area in Kī-o-Rahi being 1521 m2, which is less 

than a quarter of a standard rugby field (7000 m2) alongside 

players’ movement being restricted by designated zones 
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dependent on position. This may also account for the lower 

maximal speeds observed in Kī-o-Rahi (22 km·h-1), which were 

at the lower end of the range of the maximal speeds (21 km·h-1 to 

31 km·h-1) reported in a review of elite rugby sevens players in 

junior and senior competitions (age range under-18 to 32 years) 

(Ball et al. 2019). The reduced area and circular nature of the Kī-

o-Rahi playing field may limit high-intensity running and 

maximal speeds compared to those that could be more readily 

achieved without stopping or changing direction on a longer 

rectangular field in rugby sevens. 

A unique aspect of Kī-o-Rahi is that it is one of the few 

competitive team ball sports where female and male players play 

together. There were no significant differences between female 

and male players for the absolute total distance and absolute 

running (≥ 7.1 km·h-1) distance covered in Kī-o-Rahi games. 

However, male players ran approximately twice as much distance 

at a high intensity (≥ 16 km·h-1) when measures were expressed 

in relative terms (m·min-1), and male players typically covered 

significantly more distance per minute at all speeds and reached 

higher maximal speeds. Ball et al. (2019) also found that there 

were typically no significant differences for the absolute distances 

between male and female players in junior, regional, or 

international rugby sevens competition. However, when data were 

expressed as relative distances (m·min-1) there was a tendency for 

male players to cover significantly more distance and at higher 

speeds (Ball et al. 2019). Nevertheless, as indicated previously, a 

unique aspect of Kī-o-Rahi is that female and male participants 

play on the same team, whereas in rugby sevens there are separate 

women’s and men’s competitions. Additionally, female 

participants in our study typically played a minute longer on 

average than male players. This may represent a strategy where 

males predominantly play in the outer zones and females in the 

inner zones. Knutson and McAndrew (2016) found women were 

not as actively involved in games when playing on mixed-sex 

teams. For example, video analysis of mixed-sex elite ultimate 

games found male players received approximately 2.5 times more 

passes than female players (Knutson & McAndrew 2016). 

According to Knutson and McAndrew, the difference may reflect 

gender bias and/or indicate a team strategy to pass to male players 

if they are the better players.  However, the authors acknowledge 

that assuming a gender bias in Kī-o-Rahi is speculative, and more 

research is needed with a larger sample of teams to determine if 

sex-specific playing and coaching strategies are used in Kī-o-Rahi 

games.  

Overall absolute and relative distances typically decreased 

with the number of games played during the tournament. For 

example, total, running, and high intensity running distances were 

lower in the last two games compared to the first two games of 

the tournament, whereas there was minimal difference in the 

average time played and the average maximal speed in all games 

analysed (games 1–5). It is difficult to make comparisons with 

data from sevens rugby tournaments, as players typically 

participate in two games per day. In contrast, the Kī-o-Rahi 

players in our study played in seven games on the same day, of 

which the first five games were analysed. On average, Kī-o-Rahi 

player heart rates ranged from 139 b·min-1 to 169 b·min-1, and 

they covered 791 m to 856 m per game depending on sex and 

position. If a player covered a similar distance at this exercise 

intensity within a small circular playing area in seven games, it is 

likely that considerable fatigue would occur during the 

competition. Rugby sevens research has found that considerable 

fatigue, muscle damage and soreness occur across a 2-day 

tournament (Clarke et al. 2015; Conte  et al. 2021). Based on our 

findings, more research is needed to examine the loading 

experienced by players during Kī-o-Rahi, such as the number of 

accelerations and decelerations during games, and to determine 

the potential level of fatigue, muscle soreness, and damage over a 

tournament. Additionally, performance analysis of the movement 

patterns in the game will also enable more specific training 

programs to be developed for players to prepare them for Kī-o-

Rahi tournaments. The authors also advise, although all players in 

a squad played in each game, the comparison of GPS measures 

from Games 1-5 may lack validity as it is not a comparison of 

individual players across games, as not all players included in the 

dataset played seven or more minutes per game.  We also cannot 

discount that differences could be due to pacing or coaching 

strategies in games. Nevertheless, the authors believe that this 

data is useful as it provides a preliminary examination of potential 

fatigue across a series of Kī-o-Rahi games.   

A limitation of this study is that we only examined 1 team out 

of the 32 teams that competed in a national competition; therefore, 

findings may lack transferability due to the small number of 

participants and using a convenience sample. The authors also 

acknowledge that the GPS measures used may not provide a 

complete picture of the physical loading of the sport.  

Consequently, future research in this area could consider 

including a larger number of teams, analyzing training and game 

loads for acceleration and deceleration measures, the nature and 

incidence of injuries, and using video analysis to quantify key 

performance indicators and tactics in Kī-o-Rahi. This information 

would be valuable for coaches and trainers in the implementation 

of strategies in games and preparing Kī-o-Rahi players for the 

specific demands of competition.  

The findings of the study provide useful data about running 

demands in Kī-o-Rahi for the development of conditioning 

programs for players. Although players typically covered less 

distance and performed less running than in sports such rugby 

sevens, it is likely that Kī-o-Rahi players experienced 

considerable fatigue during the tournament due to playing seven 

games and the small playing area (i.e., less than a quarter of a 

standard rugby field). Based on the exercise intensity and number 

of games, it could be presumed that players need to have a large 

anaerobic and aerobic capacity, although further research with a 

larger sample and more teams is needed to establish this 

assumption. Nevertheless, a training regime similar to rugby 

sevens with a focus on developing explosive speed and endurance 

capacity would probably be advantageous for Kī-o-Rahi players, 

but the program should also consider the age and training history 

of players. Coaches and practitioners could also consider possible 

recovery strategies such as cooling between games, nutrition, and 

coaching tactics to minimize accumulated fatigue for players. 

Organizers may also wish to consider the potential thermal stress 

experienced by players as the national competition is conducted 

in February, one of the hottest months in Aotearoa, New Zealand.   

In conclusion, Kī-o-Rahi was found to be potentially 

physically demanding for the high-school-aged players. If a 

player participated in seven games, they could cover 

approximately 6 km at an average heart rate of 150–170 b·min-1, 

whilst competing in a team sport with another 13 players on a 

field, which is one-quarter the size of rugby field. Moreover, large 
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decreases for all distance measures were observed in later games 

compared to earlier games in the tournament, which suggests that 

substantial fatigue accumulated over the day. The study also 

found differences between female and male players, with male 

players covering significantly more distance in all relative 

distance (m·min-1) measures than female players. Future research 

should examine further sex differences, nutrition strategies, use a 

larger number of teams, examine acceleration and deceleration, 

and utilize performance analysis to quantify movement patterns 

and playing strategies to enable more specific training programs 

to be developed in Kī-o-Rahi. Overall, the game is a fast paced, 

dynamic, physically demanding sport that also offers players an 

opportunity to engage in a mixed team sport and learn about 

Māori culture.   
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